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SECTION 5 - RETAINING WALLS

Part A
General Requirements and Materials

51 GENERAL

Retaining walls shall be designed to withstand lateral
earth and water pressures, the effects of surcharge loads,
the self-weight of the wall and in special cases, earth-
guake loads in accordance with the general principles
specified in this section.

Retaining walls shall be designed for a service life
based on consideration of the potential long-term effects
of material deterioration on each of the material compo-
nents comprising the wall. Permanent retaining walls
should bedesignedforaminimumservicelifeof 50years.
Temporary retaining walls should be designed for a
minimum service life of 5 years.

The quality of in-service performanceisan important
consideration in the design of permanent retaining walls.
Permanent walls shall be designed to retain an aestheti-
cally pleasing appearance, and be essentially mainte-
nance free throughout their design service life.

The ServiceL oad Design Method shall be used for the
design of retaining walls except where noted otherwise.

52 WALL TYPES

Retaining walls are generally classified as gravity,
semi-gravity (or conventional), non-gravity cantilevered,
andanchored. Gravity wallsderivetheir capacity toresist
lateral loadsthrough dead weight of thewall. Thegravity
wall type includes rigid gravity walls, mechanically
stabilized earth (M SE) walls, and prefabricated modular
gravity walls. Semi-gravity walls are similar to gravity
walls, except they rely on their structural componentsto
mobilize the dead weight of backfill to derive their
capacity toresist lateral loads. Non-gravity cantilevered

wallsrely on structural components of the wall partially
embedded in foundation material to maobilize passive
resistance to resist lateral loads. Anchored walls derive
their capacity to resist lateral loads by their structural
components being restrained by tension elements con-
nected to anchors and possibly additionally by partial
embedment of their structural components into founda-
tion material. The anchors may be ground anchors
(tiebacks), passive concrete anchors, passive pile an-
chors, or pile group anchors. The ground anchors are
connected directly to the wall structural components
whereas the other type anchors are connected to the wall
structural components through tie rods. Within the wall
typesabove, many of theretainingwall systemsavailable
are proprietary. Their use requires appropriate contrac-
tual requirements. See Figures 5.2-1 through 5.2-4 for
examples.

521 Selection of Wall Type

Selection of appropriate wall type is based on an
assessment of the design loading, depth to adeguate
foundation support, presence of del eteriousenvironmen-
tal factors, physical constraintsof thesite, cross-sectional
geometry of the site both existing and planned, settle-
ment potential, desired aesthetics, constructibility, main-
tenance, and cost.

5211 Rigid Gravity and Semi-Gravity

Walls

Rigid gravity walls may be constructed of stone ma-
sonry, unreinforced concrete, or reinforced concrete.
Thesewalls can be used in both cut and fill applications.
They have relatively narrow base widths. They are
generally not used when deep foundations are required.
They are most economical at low wall heights.
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Figure5.2-1 Typical Gravity Retaining Walls

Semi-gravity cantilever, counterfort and buttresswalls
are constructed of reinforced concrete. They can beused
in both cut and fill applications. They have relatively
narrow base widths. They can be supported by both
shallow and deep foundations. The position of thewall
stemrelativetothefooting can bevaried to accommodate
right-of-way constraints. These walls can support
soundwalls, sign structures, and other highway features.
They can accommodate drainage structures and utilities
and span existing drainage structures and load sensitive
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Figure5.2-2 Typical Semi-Gravity Retaining Walls

utilities. They aremost economical atlow tomediumwall
heights.

Due to the rigidity of rigid gravity walls and semi-
gravity wallsthey should only be used where their foun-
dations can be designed to limit total and differential
settlements to acceptable values.

5.21.2 Non-Gravity Cantilevered

Walls

Non-gravity cantilevered walls are constructed of
vertical structural members consisting of partially em-
bedded soldier piles or continuous sheet piles. Soldier
piles may be constructed with driven steel piles, treated
timber, precast concrete or steel piles placed in drilled
holes and backfilled with concrete or cast-in-place rein-
forced concrete. Continuous sheet piles may be con-
structed with driven precast prestressed concrete sheet
pilesor steel sheet piles. Soldier pilesarefacedwith either
treated timber, reinforced shotcrete, reinforced cast-in-
place concrete, precast concrete or metal elements.

Thistypewall issuitablefor both cut and fill applica
tionsbut ismost suitablefor cut applications. Because of
the narrow base width of this type wall it is suitable for
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Figure5.2-3 Typical Non-Gravity Cantilevered
Retaining Walls

situations with tight space constraints or right-of-way
constraints.

This type wall depends on passive resistance of the
foundation material and the moment resisting capacity of
thevertical structural membersfor stability, thereforeits
maximum height is limited by the competence of the
foundation material and the moment resisting capacity of
the vertical structural members. Because this type wall
dependsonthe passive resistance of foundation material,
it should not be used where it is likely that foundation
material will be removed in front of the wall during its
servicelife.

The economical height of this type wall is generally
limited to a maximum height of 20 feet or less.

5.2.1.3  Anchored Walls

Anchored walls are typically composed of the same
elements as non-gravity cantilevered walls (Article
5.2.1.2), but derive additional lateral resistancefromone
or more levels of anchors. The anchors may be ground
anchors(tiebacks) consisting of drilled holeswith grouted
in prestressing steel tendonsextending fromthewall face
to an anchor zone located behind potential failure planes
in the retained soil or rock mass. The anchors may also
be structural anchors consisting of reinforced concrete
anchors, driven or drilled in vertical pile anchors or a
group of driven piles consisting of battered compression
piles and vertical tension piles connected with a rein-
forced concrete cap. These anchors are located behind
potential failure planes in the retained soil and are con-
nected to the wall by horizontal tie rods.

Ground anchors are suitable for situations requiring
one or more levels of anchors whereas anchors utilizing
tie rods are typically limited to situations requiring a
singlelevel of anchors. The ground anchor tendons and
tie rods must be provided with corrosion protection.

Thedistribution of lateral earth pressure on anchored
wallsisinfluenced by the method and sequence of wall
construction and the anchor prestressing. Ground an-
chors are generally prestressed to a high percentage of
their design tension force whereas anchors with tie rods
are secured to the wall with little or no prestress force.

Anchored walls are typically constructed in cut situ-
ationsinwhich construction proceeds from the top down
tothe base of thewall. For situationswherefill isplaced
behind the wall special consideration in the design and
construction isrequired to protect the ground anchors or
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Figure5.2.4 Typical Anchored Retaining Walls

tie rods from construction damage due to fill placement
and fill settlement.

The vertical wall elements should extend below po-
tential failure planes associated with the retained soil or
rock mass. Where competent and stable foundation ma-
terial islocated at the base of thewall face, only minimal
embedment of the wall may be required (soldier pileless
design).

The long-term creep characteristics of the anchors
should be considered in design. Anchors should not be
located in soft clay or silt.

5-4 Section5  REeTAININGWALLS

Anchoredwallsmay beusedto stabilizeunstablesites.
Provided adequate foundation material exists at the site
for theanchors, economical wall heightsupto 80 feet are
feasible.

5.2.1.4 Mechanically Stabilized Earth

Walls

Mechanically stabilized earth (M SE) walls use either
metallic (inextensible) or geosynthetic (extensible) soil
reinforcement in the soil mass, and vertical or near verti-
cal facing elements. MSE wallsbehaveasagravity wall,
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deriving their lateral resistance through the dead weight
of the reinforced soil mass behind the facing.

MSE walls are typically used where conventional
reinforced concrete retaining walls are considered, and
are particularly well suited for sites where substantial
total and differential settlements are anticipated. The
allowable differential settlement is limited by the
deformability of the wall facing elements within the
plane of the wall face. In the case of precast concrete
facing elements (panels), deformablitiy is dependent on
the panel size and shape and the width of the joints
between panels. Thistype wall can be used in both cut
and fill applications. Becausetheir base width isgreater
than that of conventional reinforced concrete walls they
aremost cost effectivein fill applications. The practical
height of MSE wallsislimited by the competence of the
foundation material at a given site.

M SE wallsshall not beusedwhere utilitiesor highway
drainage must be located within the reinforced mass
except that highway drainage may be placed within the
reinforced soil massif it runsvertically or perpendicul ar
to the wall face.

M SE walls shall not be used wherefloodplain erosion
or scour may undermine the reinforced soil mass unless
thewall isfounded at sufficient depth or adequate scour
protection is provided to prevent the erosion or scour.

MSE walls shall not be used to support bridge abut-
mentswith shallow foundationsnor pilesupported bridge
abutments where sei smic displacements of the abutment
wouldimposelargeforcesonthewall face panelsand the
soil reinforcement to face panel connections. MSE walls
may be used in front of pile supported bridge abutments
where the seismic forces from the bridge superstructure
are limited by elastomeric bearing pads supporting the
bridge superstructure. Theselimited seismicforcesshall
be considered in the design of the MSE wall. Thedesign
servicelife shall beincreased to 75 yearsfor MSE walls
in front of pile supported bridge abutments.

M SE wallsshall not beused whereaggressiveenviron-
mental conditionsexi st unlessenvironment specific stud-
ies of the long-term corrosion or degradation of the soil
reinforcement are conducted.

MSE walls with metallic soil reinforcement may be
used where deicing salts are used provided an imperme-
ablecapisconstructed at or near theground surfaceabove

the soil reinforcement and adequate control of surface
runoff is provided.

Where high concentrated loads must be supported at
the wall face, such as those from highway sign founda-
tions, a section of conventionally reinforced concrete
wall may be constructed within the length of the MSE
wall. This section of wall should be designed to retain
both the lateral earth pressures and the concentrated
loads.

Various aesthetic treatments can be incorporated in
the precast concrete face panels.

5.2.15 Prefabricated Modular Walls

Prefabricated modular walls use stacked or intercon-
nected structural elements, some of which utilize soil or
rock fill, to resist earth pressures by acting as gravity
retainingwalls. Structural elementsconsisting of treated
timber, or precast reinforced concrete are used to from a
cellular systemwhichisfilled with soil to construct acrib
wall, also steel modules are bolted together to form a
similar system to construct abin wall. Rock filled wire
gabion baskets are used to construct agabionwall. Solid
precast concrete units or segmental concrete masonry
units are stacked to form a gravity block wall.

Prefabricated modular walls may be used where con-
ventional reinforced concrete walls are considered.

Steel modular systemsshall not beused whereaggres-
sive industrial pollutants or other environmental condi-
tions such as use of deicing salts or cathodic protection
of nearby pipelines are present at a given site.

Traffic barriers shall not be placed at the face of this
type wall but shall be placed in fill above the top of the
wall.

The aesthetic appearance of some of these type walls
isgoverned by the nature of the structural elementsused.
Thoseelementsconsisting of precast concrete may incor-
porate various aesthetic treatments.

Thistypewall ismost economical for low to medium
height walls.
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5.2.2 Wall Capacity

Retaining walls shall be designed to provide adequate
structural capacity with acceptablemovements, adequate
foundation bearing capacity with acceptabl e settlements,
and acceptable overall stability of slopes adjacent to
walls. Thetolerablelevel of |ateral and vertical deforma-
tions is controlled by the type and location of the wall
structure and surrounding facilities.

5.2.2.1 Bearing Capacity

The bearing capacity of wall foundation support sys-
tems shall be estimated using procedures described in
Articles4.4 — Spread Footings, 4.5—Driven Piles, or 4.6
— Drilled Shafts, or other generally accepted theories.
Such theories are based on soil and rock parameters
measured by in-situ and /or laboratory tests.

5222 Settlement

The settlement of wall foundation support systems
shall be estimated using proceduresdescribed in Articles
4.4,4.50r 4.6, or other generally accepted methods. Such
methods are based on soil and rock parameters measured
directly or inferred from the results of in-situ and/or
laboratory tests.

5.2.2.3 Overall Stability

As part of the design, the overal stability of the
retaining wall, retained slope and foundation soil or rock
shall beevaluatedfor all wallsusinglimiting equilibrium
methods of analysis. A minimum factor of safety of 1.3
shall beusedfor thedesign of wallsfor staticloads, except
that aminimum factor of safety of 1.5 shall beusedfor the
design of walls which support bridge abutments, build-
ings, critical utilities, or other installations for which
thereisalow tolerancefor failure. A minimum factor of
safety of 1.0 shall be used for the design of walls for
seismicloads. Inall cases, the subsurface conditionsand
soil/rock properties of the wall site shall be adequately
characterized through in-situ exploration and testing and
/or laboratory testing asdescribedin Article’5.3—Subsur-
face Exploration And Testing Programs. Special explo-
ration, testing and analysis may be required for retaining
walls constructed over soft deposits or for sites where
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excessporewater pressuresmay developduringaseismic
event.

Seismicforcesappliedtothemassof theslopeshall be
based onahorizontal seismicaccel eration coefficient, ki,
equal to one-third of, A, the expected peak acceleration
produced by the Maximum Credible Earthquake on
bedrock at the site as defined in the Caltrans Seismic
Hazard Map. Generally the vertical seismic coefficient,
ki, is considered to equal zero.

For seismicloads, if it is determined that the factor of
safety for the slopeislessthan 1.0 using one-third of the
peak bedrock acceleration, procedures for estimating
earthquakeinduced def ormationssuch asthe Newmarks'
M ethod may be used provided that the retaining wall and
any supported structure can tolerate the resulting defor-
mations.

5.2.2.4 Tolerable Deformations

Tolerable vertical and lateral deformation criteriafor
retaining walls shall be devel oped based on the function
and type of wall, anticipated service life, and conse-
guences of unacceptable movements(i.e., both structural
and aesthetic).

Allowabletotal and differential vertical deformations
for aparticular retaining wall are dependent ontheability
of thewall to deflect without causing damage to the wall
elementsor exhibiting unsightly deformations. Thetotal
and differential vertical deformation of aretaining wall
should besmall for rigid gravity and semi-gravity retain-
ing walls, and for soldier pile walls with cast-in-place
concretefacing. For wallswithinclined tieback anchors,
any downward movement can cause significant
destressing of the anchors.

MSE walls can tolerate larger total and differential
vertical defectionsthan rigid walls. The amount of total
and differential vertical deflection that can be tolerated
depends on the wall facing material, configuration, and
timing of facing construction. A cast-in-place concrete
facing has the same vertical deformation limitations as
themorerigidretainingwall systems. However, the cast-
in-place facing of an MSE wall can be specified to be
constructed after an appropriate settlement period so that
vertical aswell as horizontal deformations have timeto
occur. An MSE wall with welded wire or geosynthetic
facing can tolerate the most deformation. An MSE wall
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with multipleprecast concreteface panelscannot tolerate
asmuch vertical deformations asflexiblewelded wire or
geosynthetic facings because of potential damage to the
precast face panels and unsightly face panel separation.

Horizontal movements resulting from outward rota-
tion of the wall or resulting from the development of
internal equilibrium between the loads applied to the
wall and theinternal structure of thewall must belimited
to prevent overstress of the structural wall facing and to
prevent the wall face batter from becoming negative. In
general, if vertical deformations are properly controlled,
horizontal deformationswill likely be within acceptable
limits. For MSE walls with extensible reinforcements,
reinforcement serviceability criteria, thewall facebatter,
and the facing type selected (i.e. the flexibility of the
facing) will influence the horizontal deformation criteria
required.

Vertical wall movements shall be estimated using
conventional settlement computational methods (see
Articles4.4, 4.5, and 4.6). For gravity and semi-gravity
walls, lateral movement results from a combination of
differential vertical settlement between the heel and the
toe of the wall and the rotation necessary to develop
active earth pressure conditions (see Table C5.5.1-1). If
thewall isdesigned for at-rest earth pressure conditions,
the deflections in Table C5.5.1-1 do not need to be
considered.

Where awall is used to support a structure, tolerable
movement criteria shall be established in accordance
with Articles4.4, 4.5 and 4.6. Where awall supports soil
on which an adjacent structure is founded, the effects of
wall movements and associated backfill settlement on
the adjacent structure shall be evaluated.

5.2.3 Soil, Rock, and Other Problem

Conditions

Geologic and environmental conditions can influ-
encethe performance of retaining wallsand their founda-
tions, and may require special consideration during de-
sign. To the extent possible, the presence and influence
of such conditions shall be evaluated as part of the
subsurface exploration program. A representative, but
not exclusive, listing of problem conditions requiring
specia consideration is presented in Table 4.2.3A for
general guidance.

5.3 SUBSURFACE EXPLORATION AND
TESTING PROGRAMS

Theelementsof thesubsurfaceexpl orationandtesting
programs shall be based on the specific requirements of
the project and prior experiencewith thelocal geol ogical
conditions.

531 General Requirements
Asaminimum, the subsurface exploration and testing
programs shall define the following, where applicable:

e Soil strata:

- Depth, thickness, and variability

- Identification and classification

- Relevant engineering properties(i.e., natural
moisture content, Atterberg limits, shear
strength, compressihility, stiffness, perme-
ability, expansion or collapse potential, and
frost susceptibility)

- Relevant soil chemistry, including pH, resis-
tivity, cloride, sulfate, and sulfide content

e Rock strata:

- Depth to rock

- Identification and classification

- Quality (i.e., soundness, hardness, jointing
and presence of joint filling, resistance to
weathering, if exposed, and solutioning)

- Compressive strength (i.e., uniaxial com-
pression, point load index)

- Expansion potential

e Ground water elevation, including seasonal
variations, chemical composition, and pH
(especially important for anchored, non-gravity
cantilevered, modular, and M SE walls)
where corrosion potential is an important con-
sideration

«  Ground surface topography

e Local conditions requiring special consider-
ation (i.e., presence of stray electrical currents)

Exploration logs shall include soil and rock strata
descriptions, penetration resistancefor soils(i.e., SPT or
dc), and sample recovery and RQD for rock strata. The
drilling equipment and method, use of drilling mud, type
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of SPT hammer (i.e., safety, donut, hydraulic) or cone
penetrometer (i.e., mechanical or electrical), and any
unusual subsurface conditionssuch asartesian pressures,
boulders or other obstructions, or voids shall also be
noted on the exploration logs.

5.3.2 Minimum Depth

Regardless of the wall foundation type, borings shall
extend into a bearing layer adequate to support the
anticipated foundation loads, defined as dense or hard
soils, or bedrock. Ingeneral, for wallswhichdonot utilize
deep foundation support, subsurface explorations shall
extend bel ow the anticipated bearing level aminimum of
twice the total wall height. Greater depths may be
reguired wherewarranted by local conditions. Wherethe
wall is supported on deep foundations and for all non-
gravity walls, the depth of the subsurface explorations
shall extend a minimum of 20 feet bel ow the anticipated
pile, shaft, or slurry wall tip elevation. For pilesor shafts
end bearing on rock, or shafts extending into rock, a
minimum of 10 feet of rock core, or alength of rock core
equal to at | east threetimesthe shaft diameter, which ever
isgreater, shall be obtained to insure that the exploration
hasnot been terminated on aboul der and to determinethe
physical characteristics of the rock within the zone of
foundation influence for design.

5.3.3 Minimum Coverage

A minimum of one soil boring shall be made for each
retainingwall. For retainingwallsover 100feetinlength,
the spacing between borings should be not longer than
200feet. In planning the exploration program, consider-
ation should be given to placing borings inboard and
outboard of thewall lineto define conditionsin the scour
zone at thetoe of thewall and in the zone behind thewall
to estimate lateral 1oads and anchorage capacities.

5.34 Laboratory Testing

Laboratory testing shall be performed as necessary to
determine engineering characteristics including unit
weight, natural moisturecontent, Atterberglimits, grada-
tion, shear strength, compressive strength and compress-
ibility. Inthe absence of laboratory testing, engineering
characteristics may be estimated based onfield testsand/
or published property correlations. Local experience
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should be applied when establishing project design val-
ues based on laboratory and field tests.

5.3.5 Scour

The probable depth of scour shall be determined by
subsurface exploration and hydraulic studies. Refer to
Article 1.3.2 for general guidance regarding hydraulic
studies and design.

5.4 NOTATIONS

Thefollowing notations apply for design of retaining
walls:

a = width of strip load (FT); 5.5.5.10

a = length of the sides of a square cell or the
length of the short side of arectangular cell
(FT); 5.104

a = length of side of rectangular wall cell used
for determining, R, (FT); 5.10.4

A = the expected peak accel eration produced by

the maximum credible earthquake on bed-

rock at the site as defined in the Caltrans

Seismic Hazard Map (DIM); 5.2.2.3
Acorrosion loss = cross-sectional areaof soil reinforce-

ment lost due to corrosion over the design
servicelife (FT 2); 5.9.3

Agross = cross sectional area of transverse grid ele-
ment before any sacrificial steel lossdueto
corrosion (FT %); 5.9.3

Anet = cross sectional area of transverse grid ele-

ment at end of design servicelifeafter design
sacrificial steel Iosshasoccurred(FTz); 593

A = tributary area of wall face at level of soil
reinforcement (FT *); 5.9.3

A = tributary areaof wall face used in determin-
ing, T,y (FT); 5.9.3

b = actual width of embedded discrete vertical

wall element below design gradein plane of
wall (FT); 5.5.5.6,5.7.6

b = distance from pressure surface to near edge
of stripload (FT); 5.5.5.10

b = actual width of concreteanchor (FT);5.8.6.2.1

b = width of soil reinforcement under consider-

ation (FT); 5.9.3.5.2
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b = length of the long side of arectangular cell
(FT); 5.104

b’ = effectivewidth of embedded portion of ver-
tical wall elements (FT); 5.5.5.6, 5.7.6

b’ = effective width of concrete anchor (FT);
5.8.6.2.1

b’ = effectivewidth of anchor pile (FT); 5.8.6.2.2

b = indicator of batter of compression piles
(DIM);5.8.6.2.3

by = widthof footing overwhich horizontal force,
P, ,is distributed (FT); 5.5.5.10

by = indicator of batter of tension piles (DIM);
5.8.6.2.3

by = width of tributary area, A, (FT); 5.9.3

B = notional slope of backfill (DEG) ; 5.5.5.5

B = width of footing (FT); 5.5.5.10

B = width of wall footing (FT); 5.6.4

B = wall basewidth (FT); 5.9.1

B = width of soil reinforcement (FT); 5.9.3

B = length of transverse grid elements of soil

reinforcement (FT);5.9.3

B = width of wall footing actually in compres-
sion (B’= B-2¢) (FT); 5.6.4

B = effective base width (FT); 5.9.2

Be = width of excavation in front of wall (FT);
5.5.5.7.2b

By = distancefrom back face of footing key tothe
back face or heel of wall footing (FT);
5.6.3,5.6.4

B, = base width of nthtier of tiered wall with the
bottom tier being the first tier ( n=1) (FT);
5.10.1

B, = distance from toe of footing to front face of
footing key (FT )5.6.4

c = unit cohesion (KSF); 5.5.5.4

c = cohesion of foundation soil (KSF); 5.6.4

C, = adhesion between wall footing and founda-
tion soil or rock (KSF); 5.6.4

C = overall soil reinforcement surface area ge-
ometry factor(DIM); 5.9.3

Cp = axial force in compression pile (KIPS);
5.8.6.2.3

Coh = horzontal component of axial force in a

battered compression pile (KIPS); 5.8.6.2.3

CRcg = long-term connection strength reduction
factor to account for reduced ultimate
strength resulting from connection (DIM);
5.9.35.2

d = depth of potential basefailuresurfacebelow
the design grade in front of wall (FT);
5.5.5.7.2b

d = distancefrom center of width, b; , toback of
wall or pressure surface (FT); 5.5.5.10

d = depthof concreteanchor cover (FT);5.8.6.2.1

d = distancefrom finished gradetotop of anchor
pile(FT) ;5.8.6.2.2

d = diameter of ground anchor drill hole (FT);
5.8.6.3

dpnet = net diameter of transversegrid element after
consideration for corrosion loss (FT); 5.9.3

D = depth of embedment of concreteanchor (FT);
5.8.6.2.1

D = embedment from finished grade to be used
for anchor pile (FT); 5.8.6.2.2

D = depth of embedment of vertical wall ele-
ments for non-gravity cantilevered walls
(FT);5.7.1

D = depth of embedment of vertical wall ele-
ments for anchored walls (FT); 5.8.6.3

Dy = depth of wall footing key (FT); 5.6.4

D, = calculated embedment depth of vertical wall
elements (FT); 5.5.5.6,5.7.1,5.7.6

D, = embedment of vertical wall elements that
providesafactor of safety equal to 1.0against
rotation about level of tierod of an anchored
wall (DIM); 5.8.6.2

D, = calculated embedment from finished grade

of anchor pile (FT); 5.8.6.2.2

effectivewidthfor determiningvertical stress
at any depth due to applied vertical load
(FT); 5.5.5.10

e = eccentricity of resultant forceacting onfoot-
ing base from center of footing (FT); 5.6.4

= eccentricity of resultant force (DIM); 5.9.2
= base of natural logarithms (DIM); 5.10.4

= eccentricity of vertical load onfooting (FT);
5.5.5.10

€max = maximum allowable eccentricity of the re-
sultant force acting on the base of the wall
(FT);5.9.2

O
iy
1
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FS
FS

FSho

FSyo

FSor
FSr

FSy
FSr

5-10

= force at tip of embedded vertical wall ele-
ments required to provide equilibruim of
horizontal forces (KIPS); 5.5.5.6

= total force acting on anchor pile at depth,
D, requiredto provideequilibrium of hori-
zontal forcesacting ontheanchor pile(KI1PS);
5.8.6.2.2

= dlowable tensile stress for steel soil rein-
forcement (KSl); 5.9.3

= pullout anchorage factor of soil reinforce-
ment (DIM); 5.9.3

= yield strength of steel (KSl); 5.9.3

= pullout resistance factor for soil reinforce-
ment (DIM); 5.9.3

= factor of safety (DIM); 5.6.4
= global safety factor (DIM); 5.9.3.4.2.1

= factor of safety against pullout of wall mod-
ules above the level under consideration
(DIM); 5.10.3

= factor of safety against pullout for level of
soil reinforcement under consideration
(DIM);5.9.3

= factor of safety against overturning (DIM);
5.7.6

= factor of safety against rotation about level
of tierod of ananchoredwall (DIM); 5.8.6.2

= factor of safety against sliding (DIM); 5.6.4

= factor of safety against translation (DIM);
5.8.6.3

= height of pressure surface at back of wall
(FT);5.5.5.8,5.6.4

= actual height of concrete anchor(FT);
55.6.2.1

= height of pressure surface (FT); C5.5.5.5.1

= height from intersection of active and pas-
sivefailure surfacesto ground surface (FT);
5.8.6.2.1

= equivalent height of soil for vehicular load
(FT); 5.5.5.10

= height of nth tier of tiered wall with the
bottom tier being thefirst tier (n=1) (FT);
5.10.1

= height of tributary area, A, (FT); 5.9.3
= design height of wall (FT); C5.5.1, 5.7.1
= wall design height (FT); 5.6.4
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= vertical distancebetween, nt" level, and, (n-
1)Mlevel of ground anchors (FT); 5.8.6.3

= distancefrom design grade at bottom of wall
to lowermost level of anchors (FT); 5.5.5.7

= distance from ground surface at top of wall
to uppermost level of anchors (FT); 5.5.5.7

= distancefromfinishedgradetolevel atwhich,
Tt » actson anchor pile (FT); 5.8.6.2.2

= distancefromfinishedgradetolevel atwhich,
Tt » &ctson pile anchor (FT); 5.8.6.2.3

= distancefromfinished gradeat top of wall to
top level of ground anchors (FT); 5.8.6.3

= vertical distance from bottom of wall to
point of intersection of finished grade be-
hind wall face and failure surface for deter-
mining internal stability for walls with
inextensible soil reinforcement (FT); 5.9.3

= coefficient of |lateral earth pressure (DIM);
55.5.1

= ratio of lateral tovertical pressureinwall cell
fill (DIM);5.10.4

= coefficient of active lateral earth pressure
(DIM);5.5.5.3

= horizontal seismic acceleration coefficient
(DIM);5.2.2.3

= coefficient of at-rest lateral earth pressure
(DIM);5.5.5.2

= coefficient of passive lateral earth pressure
(DIM);5.5.54

= |ateral earth pressure coefficient of rein-
forced soil mass (DIM); 5.9.1

= coefficient of lateral earth pressure due to
surcharge (DIM); 5.5.5.10

= vertical seismic acceleration coefficient
(DIM);5.2.2.3

= length of soil reinforcement (FT); 5.5.5.8,
59.1

= length of footing (FT); 5.5.5.10

= distance from back of wall facing to failure
surface for internal stability analysis(FT);
59.1

= ground anchor bond length (FT); 5.8.6.3

= distance from failure surface for internal
stability analysis to rearmost end of soil
reinforcement (FT); 5.9.1
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M = nominal moment strength of reinforced con-

cretecribwall member (KIP-FT); 5.10.4

M, = plastic moment strength of reinforced con-
cretecribwall member (KIP-FT); 5.10.4

MARV = minimumaverageroll valuefor, T (KIPS
FT); 5.9.3

N = number of transverse grid elements of soil
reinforcement withinlength, L, (DIM); 5.9.3

Ng = stability number (DIM); 5.5.5.6

OCR = overconsolidation ratio (DIM); 5.5.5.2

p = lateral pressure in wall cell fill at depth, y
(KSF);5.10.4

p = basic lateral earth pressure (KSF); 5.5.5.1

p = load intensity of strip load parallel to wall
(KSF);5.5.5.10

Pa = maximum ordinate of lateral earth pressure
diagram (KSF); 5.5.5.7

Pa = lateral pressure in wall cell fill next to the
short side of a rectangular cell at depth, y
(KSF);5.10.4

Pp = |ateral pressure in wall cell fill next to the
long side of a rectangular cell at depth, y
(KSF);5.10.4

Pp = passivelateral earth pressure (KSF); 5.5.5.4

P = horizontal earth pressure resultant acting on
the pressure surface at back of wall (KIPS)/
FT); 5.5.5.10

P = vertical point load (KIPS); 5.5.5.10

P = tangential component of force on wall foot-
ing (KIPS); 5.6.4

P, = active lateral earth pressure resultant per
unit width of wall (KIPS/FT); 5.5.5.3

P. = active lateral earth pressure resultant per

length of wall under consideration deter-
mined by Rankine theory (KIPS); 5.5.5.8

P, = |ateral earth pressureresultant per unit width
of wall acting on pressure surface at back of
wall (KIPS/FT);5.6.4

a = total lateral active earth pressure acting on
ananchor pileover height, D, and effective
pilewidth, b (KIPS); 5.8.6.2.2

P, = total lateral active earth pressure acting on
height, D , per foot width of anchor (KIPS/
FT); 5.8.6.2.1

P. = design lateral pressure acting on the tribu-

tary area of the face of the wall modules

abovethelevel under consideration (KI1PS);
5.10.3

Py = total lateral active earth pressure acting on
height, h, per foot width of anchor or anchor
pile(KIPS/FT); 5.8.6.2.1,5.8.6.2.2

Pan = horizontal component of, P, (KIPS/FT);
5.6.4

Py = vertical componentof , P, (KIPS/FT); 5,6,4

Py = horizontal component of , P, (KIPS);5.5.5.8

Py = horizontal force at base of continuous foot-
ing per unit length of footing (KIPS/FT);
5.5.5.10

Pmax = maximumresisting forcebetweenwall foot-

ing base and foundation soil or rock against
diding failure (KIPS); 5.6.4

Py = normal component of passive lateral earth
pressure resultant per unit width of wall
(KIPS/FT);5.5.5.4

Po = at-rest lateral earth pressure resultant per
unit width of wall acting on the toe of the
wall footing (KIPS/FT); 5.6.4

= passive lateral earth pressure resultant per
unit width of wall (KIPS/FT); 5.5.5.4

= passive lateral earth pressure, not to exceed
50 percent of the available passive lateral
earth pressure (KIPS); 5.6.4

= total lateral passive earth pressure acting on
height, D, per foot width of anchor (KIPS/
FT);5.8.6.2.1

= total lateral passive earth pressure acting on
ananchor pileover height, D, and effective
pilewidth, b” (KIPS); 5.8.6.2.2

= total lateral passive earth pressure acting on
height, h, per foot width of anchor or anchor
pile(KIPS/FT); 5.8.6.2.1,5.8.6.2.2

P, = resultant force of unifomly distributed lat-
eral resisting pressure per unit width of wall
acting over thedepth of footing key required
to provide equilibrium to force, P (KIPS/

FT); 5.6.4

P, = design lateral pressure from retained fill
(KSF);5.10.4

Pr = tangential component of passivelateral earth

pressure resultant per unit width of wall
(KIPS/FT);5.5.5.4

= total lateral load per foot of wall required to
beappliedtothewall faceto provideafactor

l:)Total

Section5  ReTAININGWALLS 5-11




[ o

BRrIDGE DEsiGN SpeciFicaTions ¢ Aucust 2003

frans

of safety equal to 1.3 for the retained soil
mass when stability is analyzed using an
appropriate limiting equilibrium method of
analysis (KIPS/FT); 5.5.5.7

Py, = vertical component of, P, (KIPS); 5.5.5.8

P, = vertical load per unit length of continuous
footing or strip load (KIPS/FT); 5.5.5.10

P, = vertical load onisolated rectangul ar footing
or point load (KIPS); 5.5.5.10

q = vertical pressurein wall cell fill at depth,y
(KSF);5.10.4

da = vertical pressureinwall cell fill next to short
side of rectangular cell (KSF); 5.10.4

dp = vertical pressureinwall cell fill nexttolong
sideof rectangular cell (KSF); 5.10.4

¢ = cone penetration resistance (KSF); 5.3.1

Os = uniform surcharge applied to the wall back-
fill surface within the limits of the active
failure wedge (KSF); 5.5.5.10

Q = normal component of force on wall footing
(KIPS);5.6.4

Qa4 = alowable ground anchor pullout resistance
(KIPS);5.8.6.3

Q = normal component of force on wall footing
within distance, B; (KIPS); 5.6.4

Q, = normal component of force on wall footing
within distance,( B-B,) (KIPS); 5.6.4

r = (x2+y2) 95 (FT); 55.5.10

R = reduction factor for determination, of P_,
using Figures5.5.5.4-1and5.5.5.4-2 (DI M));
5.5.5.4

R = earth pressureresultant per unitwidth of wall
acting on failure surface of failure wedge
(KIPS/IFT);5.5.5.5

R = design reaction force at bottom of wall to be
resisted by embedded portion of wall (KIPS)/
FT); 5.5.5.7

R = radial distance from point of load applica-

tion to the point on the back of the wall at
which, A isbeingdetermined (FT);5.5.5.10

R = reaction at assumed point of zero momentin
verticalwall elements at or near bottom of
anchoredwall (KIPS);5.8.6.3

= hydraulic radius of wall cell (FT); 5.10.4

Py
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RFcr

RFp

RF\p
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= hydraulic radius for determining pressures
next to short side of rectangular wall cell
(FT);5.104

= hydraulic radius for determining pressures
next to long side of rectangular wall cell
(FT); 5.104

= pullout resistance of soil reinforcement for
level of soil reinforcement under consider-
ation (KIPS); 5.9.3

= pullout resistanceof wall modulesabovethe
level under consideration (KIPS); 5.10.3

= combined strength reduction factor to ac-
count for potential long-term degradation
(DIM);5.9.3

= strength reduction factor to prevent long
-term creep rupture of soil reinforcement
(DIM);5.9.3

= strength reduction factor to prevent rupture
of soil reinforcement due to chemical and
biological degradation (DIM); 5.9.3

= strength reduction factor to account for po-
tential degradation due to installation dam-
age(DIM); 5.9.3

= Rock Quality Designation (DIM); 5.3.1

= horizontal spacing of tierods(FT); 5.8.6.2.1

= gpacing of compressionpiles(FT); 5.8.6.2.3

= shear strength of rock mass (KSF); 5.5.5.6,
575

= gpacing of tension piles (FT); 5.8.6.2.3

= undrained shear strength of soil (KSF); 5.5.5.6

= undrained shear strength of soil below de-
signgradeinfront of wall (KSF); 5.5.5.7.2b

= Standard Penetration Test (DIM); 5.3.1

= design force of structural anchor or ground
anchor (KIPS); 5.8.6.1

= long term allowable strength of soil rein-
forcement associated with tributary area, A,
(KIPS);5.9.3

= long-term allowable reinforcement / facing
connection design strength per width , b, of
soil reinforcement (KIPS); 5.9.3.5.2

= long-term tensile strength required to pre-
vent ruptureof thesoil reinforcement (K1PS/
FT); 5.9.3

= wall footing thickness (FT); 5.6.4
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Th = horizontal component of ground anchor de- & = vertical shear forceassociated with devel op-
signforce (KIPS); 5.8.6.3 ment of plastic momentsin reinforced con-
Thi = horizontal component of design force in cretecribwall member (KIPS); 5.10.4
anchor at level i (KIPS/FT); 5.5.5.7 W = resultant weight of failure wedge per unit
Thn = horizontal component of ground anchor de- width of wall (KIPS/FT) ; 5.5.5.5
signforceat, nth, level (KIPS); 5.8.6.3 w = resultant weight of wall including any foot-
T = width of wall footing key (FT); 5.6.4 ing key, the backfill above the footing, and
T = maximum soil reinforcement load (KIPS); any surcharge loads acting above the foot-
max 593 ' ing width per unit width of wall (KIPS/FT);
e 5.6.4
= deg th
Tn ?ﬁgsn)fgré:%cg ground anchor at, n, level W = weight of pilecap and pilecap cover for pile
T i d,f "' o i by . anchor (KIPS/FT); 5.8.6.2.3
= tie rod force that provides equilibrium o _ . -
o =
horizontal forces acting onthewall over the We Eg?lpg)e'sg%o‘{ wall fill in cell over depth, y
height, H+D_ (KIPS); 5.8.6.2 e o
_ . I . W, = segmental facing block unitwidthfromfront
T, = maximum soil reinforcement tensileload at to back (IN): 5,9.3.6.3
thewall face (KIPS); 5.9.3 horizontal d', " 'f' it of load 20pl|
. . L . X = horizontal distancefrom point of load appli-
To = ax@ forceintension plle(KI.PS), 5.8.§.2.3 cation to the back of thewall (FT): 5.5.5.10
Ton = horizontal component of axial force in a X = horizontal distance from toe of footing to
T battfr;d tens:o;dpne(fK_llPS); 5'8i§£3 | location at which, W, acts (FT); 5.6.4
T = applied test load at failure applied to soi - hei .
reinforcement connection (KIPS/FT); y he|_ght above_ ba_se of wall to I.ooatlon of
59351 point of application of, P, (FT); 5.5.5.8
o . y = horizontal distance from the point on the
Tue = ?i|<t; g‘sa)l?S %agazc'ty of a structural anchor back of the wall at which, 4_, is being
T _ determined to a plane which is perpendicu-
Tut = ultimate capacity of an anchor pile (KIPS); |lar to thewall and which passes through the
5.8.6.2.2 point of load application measured along
Tuit = ultimate capacity per tierod of acontinuous the back of wall (FT); 5.5.5.10
pile anchor with tierods at aspacing, s, or |y = indicator of batter of wall (DIM); 5.10.1
gﬁ;ﬂi‘fg’fgy&g 3""” individual pilean- | = depth below top of wall cell fill at which
) e o pressuresarebeing determined (FT); 5.10.4
Tuit = ultimate tensile strength of soil reinforce- | — _ i .
ment determined from wide width tensile y = vertical distance from bottom of footing to
t_estsfor geotextil_%and geogridsor rib ten- level of application of, P, (FT): 5.6.4
siletest for geogrid (KIPS/FT); 5.9.3 o a
 total vertical frictional f itwidth | Y2 = vertical distance from the bottom of embed-
\Y, = total vertical frictional force per unit wi ment, D, , tothelevel at which, P,,, actson
ng\)A-la5”1C0eIAI, perimeter over depth, y (KIPS/ an anchor pile (FT); 5.8.6.2.2
_ aI o A frictional f cwideh | Yo = vertical distance from bottom of wall foot-
V, = total vertical frictional force per unit widt ing to the level of application of, P_ (FT);
of short side of rectangular cell over depth, 564 0
y(KIPS/FT); 5.10.4 .
B _ L L Yp = vertical distance from the bottom of embed-
Vp = total vergcal frictional force per unit width ment, D, , to thelevel at which, P, , actson
?}illgg;rd)?glgeztangmar cell over depth, y an anchor pile (FT) ; 5.8.6.2.2 P
_ T _ z = depth below the surface of earth at pressure
Vi, = nominal shear strength of reinforced con- surface (FT); 5.5.5.1
cretecrib wall member (KI1PS); 5.10.4
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z = vertical distance from the wall backfill sur-
face to the level at which , 4, , is being
determined (FT); 5.5.5.10

z = vertical distance from bottom of footing
elevationor level of applied vertical stressto
level at which, A g, , is being determined
(FT); 5.5.5.10

z = vertical distance from finished grade to the
mid-point of , L, at the level of soil rein-
forcement under consideration (FT); 5.9.3

z = vertical distance from bottom of footing
elevation or level of applied horizontal force
tolevel atwhich, A gy, isbeing determined
(FT); 5.5.5.10

z, = depth at whichinclined planefor determina-
tion of effective width, D4, intersects the
back of wall or pressuresurface(FT); 5.5.5.10

Z3 = depth of back of wall or pressure surface
overwhich horizontal stress, Agy, , fromthe
applied horizontal forceisdistributed (FT);
5.5.5.10

= vertical distance from the wall backfill sur-
facetothelevel at whichthehorizontal earth
pressure resultant is applied (FT); 5.5.5.10

a = angle between bottom of wall footing and a
planepassing through thelower front corner
of the footing and the lower front corner of
the footing key (DEG); 5.6.4

a = inclination from horizontal of ground an-
chor (DEG); 5.8.6.3

a = scale effect correction factor (DIM); 5.9.3

lof = angle between vertical plane and inner
failure surface of Rankine failure wedge
(DEG);5.5.5.3

a, = angle between vertical plane and outer fail-
uresurfaceof Rankinefailurewedge (DEG);
5.5.5.3

B = dlopeangleof backfill surfacebehindretain-
ingwall (DEG); 5.5.5.2

B’ = dlopeangleof slopeinfront of retainingwall
(DEG);5.5.5.6

o = friction angle between backfill material and
back of wall (DEG); 5.5.5.3

o = angle of friction between wall footing and

foundation soil or rock (for footings on sail,
0, may betakenas, 2/3 ;) (DEG); 5.6.4
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AO-h

thmax

Aa,

Vv

A0,

Vv

Aag,

Vv

ph

AP

AP
A Tult

AW,

Oavg

Oh

= movement of top of wall required to reach
minimum active or maximum passive earth
pressureby tilting or lateral translation (FT);
C55.1

= horizontal stressat depth, z , dueto horizon-
tal forceat baseof continuousfooting (KSF);
5.5.5.10

= maximumvaluefor, A g;,, whichoccursat the
bottom of footing elevation (KSF); 5.5.5.10

= additional surcharge (KSF); 5.5.5.6

= vertical soil stress at level of soil reinforce-
ment under consideration due to concen-
trated vertical surchargeloads (KSF); 5.9.3

= vertical stress at depth, z , due to applied
vertical stress (K SF); 5.5.5.10

= constant horizontal earth pressure due to
uniform surcharge (KSF); 5.5.5.10

= horizontal earth pressure on the pressure
surface at back of wall at adistance, z, from
the wall backfill surface (KSF); 5.5.5.10

= force required for equilibrium of soil mass
between structural anchor and anchoredwal|
(KIPS);5.8.6.2

= reduction in lateral passive earth pressure
acting on an anchor pile (KIPS); 5.8.6.2.2

= ultimate capacity reduction for a concrete
anchor (KIPS); 5.8.6.2.1

= weight of wall fill in cell over depth, y, not
supported by vertical frictional force at cell
perimeter over depth, y (KIPS); 5.10.4

= angle used in calculating, a; , and, a, , of
Rankine failure wedge (DEG); 5.5.5.3

= Poisson’sratio (DIM); 5.5.5.10

= average vertical soil stress at level of soil
reinforcement under consideration due to
weight of soil overburden and distributed
vertical surcharge loads above at level of
soil reinforcement (KSF); 5.9.3

= horizontal soil stress at level of soil rein-
forcement (KSF);5.9.3

= vertical soil stress at level of soil reinforce-
ment under consideration using the
Meyerhof procedure (KSF);5.9.3

= passive lateral earth pressure at depth H
(KSF);5.5.5.4

= applied vertical stress (KSF); 5.5.5.10




[ o

BRIDGE DESIGN SPECIFICATIONS ® AUGUST

2003

frans

g, = vertical soil stressat level of soil reinforce-
ment (KSF); 5.9.3
oy = vertical soil stressat themid-point of , L, at

thelevel of soil reinforcement under consid-
eration (KSF); 5.9.3

T, = ultimate ground anchor bond stress (KSF);
5.8.6.3

a = internal frictionangleof reinforced soil mass
or foundation soil,whichever is the least
(DEG);5.9.2

[} = resistancefactor (DIM); 5.10.4

2 = angle of internal friction of wall cell fill
(DEG);5.10.1

2 = angleof internal frictionof soil (DEG); 5.5.5.4

2 = angle of internal friction of retained soil
(DEG);5.9.1

ﬂ’f = effective angle of internal friction of soil
(DEG);5.5.5.2

.2 = effectiveangleof internal friction of founda-
tion soil (DEG); 5.6.4

Bt = angle of internal friction of foundation soil
(DEG);5.10.1

2, = angle of internal friction of reinforced soil
mass(DEG); 5.9.1

Ye = unit weight of wall cell fill (KCF); 5.10.1

Vs = unit weight of retained soil (KCF); 5.9.1

¥ = unit weight of reinforced soil mass
(KCF);5.9.1

Vs = unit weight of soil (KCF); 5.5.5.1

14 = tangent of angle of internal friction of wall
cell fill, = tan g, (DIM); 5.10.4

0 = angle from the back face of wall to the
horizontal as shown in Figure 5.5.5.3-1
(DEG);5.5.5.3

p = soil to soil reinforcement interface angle
(DEG);5.9.2

v,y = angle from horizontal to failure surface of
failurewedge (DEG); 5.5.5.5

1} = vertical angle measured from horizontal to
failure surfacefor internal stability analysis
for wallswith extensiblesoil reinforcement
(DEG);5.9.3

1} = vertical angle measured from horizontal to
failure surface within retained soil (DEG);
59.1

Part B
Service Load Desigh Method
Allowable Stress Design

5.5 EARTH PRESSURE

55.1 General

Earth pressure shall be considered a function of the:

 type and unit weight of earth,
« water content,

 soil creep characteristics,
 degree of compaction,
 location of groundwater table,
° Seepage,

 earth-structure interaction,

< amount of surcharge, and
 earthquake effects.

C5.5.1

Wallsthat cantoleratelittle or nomovement should be
designed for at-rest lateral earth pressure. Walls which
can move away from the mass should be designed for
pressures between active and at-rest conditions, depend-
ing onthe magnitude of thetol erable movements. Move-
ment required to reachtheminimum activepressureor the
maximum passivepressureisafunction of thewall height
andthesoil type. Sometypical valuesof thesemobilizing
movements, relative to wall height, are given in Table
C5.5.1-1, where:

A= movement of top of wall required to reach mini-
mum active or maximum passive pressure, by
tilting or lateral translation (FT)

H= height of wall (FT)

For walls retaining cohesive materials, the effects of
soil creep should be taken into consideration in estimat-
ing the design earth pressures. Evaluation of soil creep
is complex and requires duplication in the laboratory of
the stress conditionsin thefield asdiscussed by Mitchell
(1976). Further complicating the evaluation of the stress
induced by cohesive soils are their sensitivity to shrink-
swell, wet-dry and degree of saturation. Tension cracks
can form, which considerably alter the assumptions for
theestimation of stress. If possible, cohesiveor other fine
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—grained soils should be avoided as backfill and in no
case should highly plastic clays be used.

Values ofA /H
Type of Backfill

Active | Passive
Dense Sand 0.001 0.01
Medium Dense Sand 0.002 0.02
Loose Sand 0.004 0.04
Compacted Silt 0.002 0.02
Compacted Lean Clay | 0.010 0.05
Compacted Fat Clay 0.010 0.05

TableC5.5.1-1

Approximate Values of Relative Movements
Required to Reach Active or Passive Earth Pressure
Conditions, Clough(1991)

Under stress conditions close to the minimum active
or maximum passive earth pressures, cohesive soilsindi-
cated in table C5.5.1-1 creep continually, and the move-
ments shown produce active or passive pressures only

temporarily. If there is no further movement, acitve
pressureswill increasewith time, approaching the at-rest
pressure, and passive pressures will decrease with time,
approaching values on the order of 40% of the maximum
short-termvalue. Theat-rest pressure should bebased on
the residual strength of the soil.

5.5.2 Compaction

For non-yielding walls where activity by mechanical
compaction equipment isanticipated within adistance of
one-half the height of the wall, the effect of additional
earth pressure that may be induced by compaction shall
be taken into account.

C5.5.2

Compaction-induced earth pressuresmay beestimated
using procedures described by Clough and Duncan
(1991).

55.3 Presence of Water

If the retained earth is not alowed to drain, the effect
of hydrostatic water pressure shall be added to that of
earth pressure.

Earth Total
Pressure Pressure
Water v Water
Pressure = Table
o) \
S \
E \
z
T Totall
%_ carth %_ @ % Press\Jre
l e}
° P(rjerssure &[e Water ©|  Earth Water
Pressure Pressures

FigureC5.5.3-1 Effect of Groundwater Table
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Incaseswherewater isexpectedtopondbehindawall,
the wall shall be designed to withstand the hydrostatic
water pressure plus the earth pressure.

Submerged unit weights of the soil shall be used to
determinethelateral earth pressurebel ow thegroundwa-
ter table.

If thegroundwater level sdiffer on oppositesidesof the
wall, the effects of seepage on wall stability and the
potential for piping shall be considered. Pore water
pressuresshall beaddedtotheeffectivehorizontal stresses
in determining total lateral earth pressuresonthewall.

C5.5.3

The development of hydrostatic water pressure on
walls should be eliminated through use of crushed rock,
pipedrains, gravel drains, perforateddrainsor geosynthetic
drains.

Porewater pressures behind thewall may be approxi-
mated by flow net proceduresor variousanalytical meth-
ods such asthe line-of-creep method as presented in the
US Army Corps of Engineers, EM 1110-2-2502.

554 Effect of Earthquake

The effects of earthquake shall be considered in the
design of retaining walls which support bridge abut-
ments, buildings, soundwalls, critical utilities, or other
installationsfor whichthereisalow tolerancefor failure.
Theeffectsof wall inertiaand probable amplification of
activeearth pressureand/or mobilization of passiveearth
masses by earthquake shall be considered.

C5.54

The Mononobe-Okabe method for determining
equivalent static seismic loads may be used for gravity
and semi-gravity retaining walls.

TheMononobe-Okabeanalysisisbased, inpart, onthe
assumption that the backfill soils are unsaturated and
thus, not susceptible to liquefaction.

Where soilsare subject to both saturation and seismic
or other cyclic/instantaneous loads, special consider-

ation should begiventoaddressthepossibility of excess
pore pressures or soil liquefaction.

55.5 Earth Pressure
5.5.5.1 Basic Lateral Earth Pressure

Basic lateral earth pressure shall be assumed to be
linearly proportional to the depth of earth and taken as:

P = kggz (5.5.5.1-1)
where:

p = basic lateral earth pressure (KSF)

k = coefficient of |ateral earth pressuretakenas,
ko ,forwallsthat donot deflect or move, or, K ,,
for walls that deflect or move sufficiently to
reach minimum active conditions.

Os = unit weight of soil (KCF)

z = depth below the surface of earth at pressure

surface (FT)

Theresultant |ateral earthload duetotheweight of the

backfill shall be assumed to act at a height of % above
the base of the wall, whereh isthe height of the pressure
surface, measured from the surface of the ground to the
base of the wall.

C55.5.1

Thelocation of theresultant |ateral earth load on the
pressure surface at —g above the base of the pressure
surface is applicable when the backfill surfaceis planar
andthebackfill iscompletely aboveor completely below
the ground water table.

For those situations where the backfill surfaceisnon-
planar and/or theground water tableislocated withinthe
backfill, atrial wedge method of analysismay beusedfor
the determination of the resultant lateral earth load in
which casethelocation of theresultant |ateral earth load
may be determined by the intersection of aline that is
parallel tothefailuresurfaceof thewedgeprojected from
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thecentroid of theweight of thefailurewedgetotheplane
of thewall pressuresurface. If theprojected lineisabove
the top of the pressure surface, the resultant lateral earth
load may be assumed to act at the top of the pressure
surface.

5.5.5.2 At-Rest Lateral Earth Pressure

Coefficient, k,

For normally consolidated soils and vertical wall, the
coefficient of at-rest lateral earth pressure may be taken
as.

(5.5.5.2-1)
where:
a's = effective friction angle of soil (DEG)
Ko = coefficient of at-rest lateral earth pressure
B =dlopeangleof backfill surfacebehindretain-

ingwall (DEG)

For overconsolidated soils, level backfill, and averti-
cal wall, the coefficient of at-rest lateral earth pressure
may be assumed to vary as a function of the
overconsolidation ratio or stress history, and may be
taken as:

k, =(1-sing’ , XOCR)™"’
(5.5.5.2-2)
where:
OCR = overconsolidation ratio

Silt and lean clay shall not be used for backfill unless
suitabledesign proceduresarefollowed and construction
control measures are incorporated in the construction
documents to account for their presence. Consideration
must be given for thedevel opment of porewater pressure
within the soil mass. Appropriate drainage provisions
shall be provided to prevent hydrostatic and seepage
forcesfrom devel oping behind thewall. In no case shall
highly plastic clay be used for backfill.
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C5.55.2

The evaluation of the stressinduced by cohesive soils
is highly uncertain due to their sensitivity to shrinkage-
swell, wet-dry and degree of saturation. Tension cracks
can form, which considerably alter the assumptions for
theestimation of stress. Extremecautionisadvisedinthe
determination of lateral earth pressures by assuming the
most unfavorable conditions.

5.5.5.3 Active Lateral Earth Pressure

Coefficient, k,

Valuesfor the coefficient of active lateral earth pres-
sure may be taken as:

Coulomb Theory —

sin2(®+¢'f)

b = I[sin’ @sin(©-0)]

(5.5.5.3-1)

=1+ [ sin(¢’ ,+0)sin(¢’ ,— ) jo.s 2
sin(d — o) sin(6 + f)

(5.5.5.3-2)

where:

h = height of pressure surface at back of wall
(FT)

P4 = active lateral earth pressure resultant per
unit width of wall (KIP/FT)

o = frictionanglebetween backfill material and
back of wall (DEG)
= anglefrombackfill surfacetothehorizontal
(DEG)

(9] = angle from the back face of wall to the
horizontal asshowninFigure5.5.5.3-1(DEG)

a's = effectivefriction angle of soil (DEG)

Ka = coefficient of active lateral earth pressure
(DIM)
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a/trans

Rankine Theory —

P cos Bcos” ¢ f
a= 2 2, 05\
(cos,B+(c0s B—cos” ¢ () )

(5.5.5.3-3)

Where § andg'; areasdefinedfor Coulomb’ stheory.
For conditions that deviate from those described in Fig-
ures5.5.5.3-2a, 5.5.5.3-2b and 5.5.5.3-2c for Coulomb’s
theory and Figure 5.5.5.3-3 for Rankine's theory, the
active lateral earth pressure may be calculated by using
atrial procedure based on wedge theory.

C5.5.5.3

The Coulomb theory is applicable for the design of
retaining walls for which the back face of the wall inter-
fereswiththefull development of theouter failuresurface
in the backfill soil as assumed in the Rankinetheory. In
general, The Coulomb theory applies for gravity, semi-
gravity, prefabricated modular walls and non-gravity
cantileveredwallswhich haverelatively steep back faces,
and semi-gravity cantilevered walls with short footing
heels. Both the Coulomb theory and the Rankine theory
are applicable for the semi-gravity cantilevered walls
with long footing heelswhere the outer failure surfacein
the backfill soil as assumed in the Rankine theory can
fully develop. The Rankine theory is applicable for the
design of mechanically stabilized earth walls.

Backfill
Slope
6 o
B
Level/)
Lateral earth
G - pressure
ravig istributi
- W A Pi— distribution
all
- P
. a
™ INZN
P
o)

Figure5.5.5.3-1 Notation for Coulomb Active L ateral Earth Pressure
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a/trans

Backfill slope

Wedge of backfill
soil slides along
back of wall

RN

Gravity wall

Figure5.5.5.3-2a Application of Coulomb L ateral Earth Pressure Theories

Surface of sliding
restricted by
top of wall and

heel of footing Backfill slope

Outer failure

surface by failure
Rankine's surface
theory
restricted
by wall
TR |
Determine lateral

earth pressure on
vertical plane at
b heel of footing

= Pt 40 29
6="73"107
but not greater than 3

a b = vertical plane

Semi-gravity wall with short footing heel

Figure5.5.5.3-2b Application of Coulomb Lateral Earth Pressure Theories
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a/trans

Wedge of backfill soil which slides along an assumed back
of wall passing through the rear most portion of the upper
portion of wall

Backfill
slope

C Level

L Failure

surfaces
/\\
Pai )

A\",
A{/47/

A
=
7

Wedge of backfill soil
slides along back of
P lower portion of wall

a2
RN 39

Prefabricated modular gravity wall

where:

R. Rjand R, = Lateral earth pressure resultant per unit width of wall
determined by Coulomb theory.(KIP/FT)

0, & and &2 = Friction angle between backfill material and back of wall
or assumed back of wall. (DEG)

The frial wedge method of analysis may be used for the determination of

PhyandR,.

Figure5.5.5.3-2c Application of Coulomb Lateral Earth Pressure Theories
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a/trans

Backfill

slope \

Shear zone uninterupted
by stem of wall
(failure wedge)

Outer L= \
failure
surface —
I

nner failure
surface

Level

semi-gravity wall with long footing heel
where:

Po = lateral earth pressure rsultant per unit width of
__wall determined by Rankine theory (KIP/FT)
ab = vertical plane

i =14(90-@)+'%(e-b) (DEG)
Oo =1(90-@)-"2(e-b) (DEG)

. sin @
sing = —(pf
sinb

Figure5.5.5.3-3 Application of RankinelL ateral Earth Pressure Theorieswith Notation
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5554 Passive Lateral Earth Pressure

Coefficient, kp

For non-cohesive soils, values of the passive lateral
earth pressure may betakenfrom Figure5.5.5.4-1for the
caseof asloping or vertical wall with ahorizontal backfill
or fromFigure5.5.5.4-2for the case of avertical wall and

sloping backfill. For conditions that deviate from those
described in Figures 5.5.5.4-1 and 5.5.5.4-2, the passive
pressure may be calculated by using a trial procedure
based on wedge theory or a logarithmic spiral method.
When wedge theory or logarithmic spiral method are
used, the limiting value of the wall friction angle should
not be taken larger than one-half the effective angle of
internal friction, &’ .

DEDUCTION FACTOR (R) OF Kp
FOR VARIOUS RATIOS OF -3/¢

(p-ﬁ/q)f -0.7]-06 | -05|-04[-03 [-02 |-01
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a
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o _
> — A
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@ PASSIVE PRESSURE
2
a po = Ke¥:H. P =p, sING
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8
)
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Figure5.5.5.4-1 Coefficient of Passive L ateral Earth Pressurefor Vertical and Sloping Wallswith
Horizontal Backfill ( Caquot and Kerisel Analysis), Modified after U.S. Department of Navy (1971)
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For cohesive soils, passivelateral earth pressuresmay where:
be estimated by:
Pp = passivelateral earth pressure (KSF)
Po= Ko Ysz+ 2¢(kp) 95 (5.5.5.4-1) A = unit weight of soil (KCF)
z = depth below surface of soil (FT)
c = unit cohesion (KSF)
ko= coefficient of passivelateral earth pressure speci-
fied in Figures 5.5.5.4-1 and 5.5.5.4-2, as appropriate.

T T T / y B
90.0 Blg=+1 ~/71/ B/g = 0.6
REDUCTION FACTOR (R) OF K, 80.0 B/¢=+038 7 7 74— Blg = +0.4
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40 — y, 4
|- NOTE: CURVES SHOWN ARE
1 FOR -3/@ =-1 / L~ L~
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Figure5.5.5.4-2 Coefficient of Passive L ateral Earth Pressurefor Vertical Wallswith Sloping Backfill
(Caquot and Kerisel Analysis), Modified after U.S. Department of Navy (1971)
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5.5.5.5 Trial Wedge Method of
Analysis for the Determination
of the Resultant Lateral Earth

Pressure

Thetrial wedge method of analysisis a procedure by
means of which the resultant active and passive lateral
earth pressuresmay bedetermined using either Coulomb’s
or Rankine' stheories. Theonly limitationinthismethod
isthat theinner failure surface must be plane or so nearly
plane that assuming a plane surface does not introduce
significant errors. Thisconditionissatisfied when deter-
mining active pressures but may not be satisfied when
determining passive pressures when large values of wall
friction and areused. Inaddition to the conditions shown
in Figures 5.5.5.5. -1 through 5.5.5.5-6 this method can
be applied for conditionswhere the ground water tableis
located within the failure wedge, when seismic accelera-
tions are applied to the mass of the failure wedge and
where soils are cohesive.

Figure 5.5.5.5-1 shows the assumptions used in the
determination of the resultant active pressure for aslop-
ing ground condition applying Coulomb's theory. The
pressure surface AB yieldsby rotatinginacounterclock-
wise direction about A and may also yield to the left
sufficiently to createan activestate of stressinthebackfill

Failure wedge

B

Wall L

Pressure
Surface —

TR

soil. Thismovement causesafailuresurfacetoform. Itis
assumedthat thissurfaceisaplane AM. Thewedgeof soil
BAM movesdownward asmall amount along thefailure
surfaceandal ongthepressuresurface. Thiswedge, whose
weightis, W, isheldinequilibrium by theresultant active
pressure, P,, acting onthesurface, AB, and theresul tant
force, R, acting on the failure surface, AM. Since the
wedge moves downward along, AB, the force, P, , acts
with anassumed obliquity, d ,below thenormal to oppose
this movement. Similarly, the force, R, acts with an
obliquity, @'¢, below the normal becausefailureisoccur-
ring along thissurface. For any assumed direction of the
failure surface, AM, as defined by angle, ¢, from the
horizontal, the magnitude of, W, can be determined and
with thedirectionsof \W, R, and, P, , known or assumed,
the magnitude of, P,, can be determined. Withthetrial
wedge method of analysis, the direction of the failure
surface, AM, isvaried until the determined magnitude of,
P, . isamaximum.

Figure 5.5.5.5-2 shows the assumptions used in the
determination of the resultant active pressure for a slop-
ping ground condition applying Rankine's theory.

Figure 5.5.5.5-3 shows the application of Coulomb’s
theory for abroken back slope condition for the determi-
nation of the resultant active pressure.

Failure surface

Z Level

Figure5.5.5.5-1 Trial Wedge Method-Active Pressure, Coulomb's Theory
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Figure 5.5.5.5-4 shows the application of Rankine's In Figures 5.5.5.5-1 through 5.5.5.5-4 the point of
theory for abroken back slope condition for thedetermi- | application of the resultant active pressure on the pres-
nation of the resultant active pressure. The direction of sure surface is determined by passing aline through the
the resultant active pressure is assumed to be parallel to | center of gravity (c.g.) of theweight of the failurewedge
a line passing through points, V, and, M. whichisparalel tothefailuresurface, AM. Thepoint at

Failure wedge

Pressure

Surface Inner failure

surface
Wall

5

Outer
failure
surface —]

Figure5.5.5.5-2 Trial Wedge M ethod-Active Pressure, Rankine's Theory

Failure
surface

RN

/\
(01NN ~ Level

A R

Figure5.5.5.5-3 Trial Wedge M ethod-Broken Back Slope-Active Pressure, Coulomb's Theory
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whichthislineintersectsthepressuresurface, AB, or, AV, pressuresurface. Thedeterminationof, W, R, and, P,;,is
isthepoint of application of theresultant active pressure. similar to the determination of, W, R, and, P, , shownin
figure 5.5.5.5-3. In the determination of, P,,, failure

Figure 5.5.5.5-5 shows the application of Coulomb’s | wedge2hastheforces, P,,, W,,and, R, , actingonitplus
theory for a broken back slope condition and a broken | theforce, R; , from failure wedge 1.

Failure wedge B
D

A\x\\/A

Pressure
surface v

Outer failure
surface

//} cg.
Y Inner Failure
/ \/

7w Surface
Y

N

|
|
|
|
|
|
A |/
f |
wall ———2 I A
g
R

W/ v Level
7R /

| /

A

The direction of, R, is parallel to a line, VM

Figure5.5.5.5-4 Trial Wedge M ethod-Broken Back Slope-Active Pressure, Rankine'sTheory

Failure wedge 1
7 My M,

Failure
wedge 2

Pressure
Surfaces

Failure
surface
wedge 1

Failure
surface
wedge 2

Level
f

Figure5.5.5.5-5 Trial Wedge M ethod-Broken Back Slope and Broken Pressur e Surface-Active Pressure,
Coulomb's Theory
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Pressure
surface

A2\

Structure —/ A

Failure wedge

Failure surface

Figure5.5.5.5-6 Trial Wedge M ethod-Passive Pressure, Coulomb's Theory

Figure 5.5.5.5-6 shows the assumptions used in the
determination of the resultant passive pressure for a
broken back slope condition applying Coulomb’ stheory.
The pressure surface, AB, movestoward the backfill soil
by rotating in a clockwise direction about, A, and may
also trandlate to the right sufficiently to create a passive
state of stressin the backfill soil. Thismovement causes
afailuresurfacetoform. Itisassumedthat thissurfaceis
aplane, AM. Thewedge of soil, BAM, movesdownward
along the failure surface and also upward relative to the
pressure surface of the structure. This wedge, whose
weight is, W, is held in equilibrium by the resultant
passive pressure, Py , acting on the surface, AB, and the
resultantforce, R, actingonthefailuresurface, AM. Since
the wedge moves upward along, AB, the force, Py, acts
withanassumed obliquity, §, abovethenormal to oppose
this movement. Similarly, the force, R, acts with an
obliquity, &'¢ , to the normal in a direction that opposes
movement of thewedgeal ong thefailuresurface. For any
assumed direction of the failure surface, AM, as defined
by angle ¢ from the horizontal, the directions of, W, R,
and, P, , areknown or assumed, and themagnitudeof, Pp,
can be determined. With the trial wedge method of
analysis, thedirection of thefailuresurface, AM, isvaried
until thedetermined magnitudeof, Py, isaminimum. The
point of application of the resultant passive pressure on
the pressure surface is determined by passing a line
through the center of gravity (c.g.) of the weight of the
failurewedgewhichisparallel tothefailuresurface, AM.
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Thepoint at whichthislineintersectsthe pressuresurface,
AB, is the point of application of the resultant passive
pressure.

5.5.5.6 Lateral Earth Pressures For
Non-Gravity Cantilevered

Walls

For permanent walls, thesimplified lateral earth pres-
suredistributionsshownin Figures5.5.5.6-1and 5.5.5.6-
2 may be used. If wallswill support or are supported by
cohesive soilsfor temporary applications, the walls may
bedesigned based ontotal stressmethods of analysisand
undrained shear strength parameters. For thislatter case,
the simplified lateral earth pressure distributions shown
in Figures 5.5.5.6-3, and 5.5.5.6-4 may be used with the
following restrictions:

e Theratio of total overburden pressureto undrained
shear strength, Ng(seeArticle5.5.5.7.2), must be <3
at the design grade in front of wall.

« Theactivelateral earth pressureacting over thewall
height, H, shall not be less than 0.25 times the
effectiveoverburden pressureat any depth, or 0.036
KSF/FT of wall height, which ever isgreater.
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For temporary wallswith vertical elementsembedded
in granular soil or rock and retaining cohesive soil,
Figures5.5.5.6-1 and 5.5.5.6-2 may be used to determine
the lateral earth pressure distributions on the embedded
portion of thevertical elementsand Figure 5.5.5.6-4 may
be used to determine the lateral earth pressure distribu-
tion due to the retained cohesive soil.

The lateral earth pressure distributions in Figures
5.5.5.6-1 thru 5.5.5.6-4 shown acting on the embedded
portion of vertical wall elements shall be applied to the
effectivewidth, b, of discretevertical wall elements. See
Article5.7.6 for effectivewidths of discretevertical wall
elements to be used.

A
kcﬂ ys] A
<
k02Y51 H
T 1 / Soil 1
Vs .0'p)
Finished Grade \
x v
Design ~
Grade B’ _ - -~
)( ~
_ - kOQYSZ
o~
o kpZHYSZ Soil 2
o (V52 $'ro)
| < 1
N/ \
/ > \ \
| / . \ :

Note: The value of B'is negative for the slope shown.

Figure5.5.5.6-1 Simplified Lateral Earth PressureDistributionsfor Permanent Non-gravity Cantilever ed
Wallswith Vertical Wall Elements Embedded in Granular Soil and Retaining Granular Soil
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p
I ﬁ
~ kOyS
|
T 1 Soil
(YS ’ d)lf ]
Finished Grade \
V{ <
Design ﬂ,qrp/ —~
' ~ -
Grade /BK‘ _ >~
~
o / >
a —
>~ Rock
- (Sm)
! el F
Y
v
Note: The value for B'is negative smD+bV2)
for the slope shown. p = T (Han B)
where:

b = Actual width of embedded discrete vertical wall element
below design grade in plane of wall (feet)

P, = Passive resistance of the rock acting on the actual width of the
embedded discrete vertical wall element (KIP/FT)

Figure5.5.5.6-2 Simplified Lateral Earth PressureDistributionsfor Permanent Non-gravity Cantilevered

Wallswith DiscreteVertical Wall ElementsEmbedded in Rock and Retaining Granular Soil
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/trans
Treat sloping backfill above top of wall
within the active failure wedge as additional
surcharge ( Ac,) for determining the active
lateral earth pressure on the embedded
wall element N
5
g
/\B
ZER! ;
y A A
kOyS /\
/ Active failure
1 wedge failure
T ~ ‘ surface Grc;r;tiJllor
Design .
Y
Grade / ( s1,¢f)
A /. \
W2 T A
o > Cohesive
- Soil
i (Ys2,Su)
'
>| v
Y - F
25, )

Figure5.5.5.6-3 Simplified Lateral Earth PressureDistributionsfor Temporary Non-gravity Cantilever ed

Wallswith Vertical Wall ElementsEmbedded in Cohesive Soil and Retaining Granular Soil
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Treat sloping backfill above top of wall
within the active failure wedge as additional
surcharge ( Ac,) for determining the active
lateral earth pressure.

Aoy

2501

J \ /é\
] L / Active failure
Y,

wedge failure
” lr // surface

Cohesive
Soil
( ¥s1. Su)

Design
Grade

'y VO =

Cohesive
- Soil
( ’Ysz, SUZ)

Do

)
A

2502 Ty H+Ac, -25u

T H+AG, -25,,;

Note: A portion of negative loading at top of wall due to cohesion
is ignored and hydrostatic pressure in a tension crack
should be considered, but is not shown.

Figure5.5.5.6-4 Simplified Lateral Earth PressureDistributionsfor Temporary Non-gravity Cantilever ed
Wallswith Vertical Wall ElementsEmbedded in Cohesive Soil and Retaining Cohesive Soil
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5.5.5.7 Lateral Earth Pressures for

Anchored Walls

For anchored wallsrestrained by tierodsand structural
anchors, thelateral earth pressure acting on thewall may
be determined in accordance with Article 5.5.5.6.

For anchored wallsconstructed from thetop down and
restrained by ground anchors (tieback anchors), the lat-
eral earth pressure acting on the wall height, H, may be
determined in accordance with Articles 5.5.5.7.1 and
55.5.7.2.

For anchored walls constructed from the bottom up
andrestrained by asinglelevel of ground anchorslocated
not more than one third of the wall height, H, above the
bottom of thewall, thetotal |ateral earth pressure, Py,
acting on the wall height, H, may be determined in
accordance with Article 5.5.5.7.1 with distribution as-
sumed to be linearly proportional to depth and a maxi-

mum pressure equal to, 2Proa . For anchored walls
constructed from the bottom up and restrained by mul-
tiple levels of ground anchors, the lateral earth pressure
acting on the wall height, H, may be determined in
accordance with Article 5.5.5.7.1.

1 <<
B
J — J
_ T
T o~
y
Thy
- T
—| e
T
- |
Design -
Grade L
o~
G R p ‘
a
Note: Hy < %H

a) Wall with a single level of anchors

Indevelopingthelateral earth pressurefor designof an
anchored wall, consideration shall be given to wall dis-
placements that may affect adjacent structures and/or
underground utilities.

C5.5.5.7

In the development of lateral earth pressures, the
method and sequence of wall construction, therigidity of
the wall/anchor system, the physical characteristics and
stability of the ground mass to be supported/retained,
allowable wall deflections, anchor spacing and prestress
and the potential for anchor yield should be considered.

] — 1
B T
o~
T -
o~
T A
T | -
Tho ]
[
T
T
Y - IC
Thn | o
) T
Design 1 ]
Grade
A
TIRN7 R
I

b) Wall with multiple levels of anchors

Figure5.5.5.7.1-1 Lateral Earth PressureDistributionsfor Anchored WallsConstructed from the Top Down
in Cohesionless Soils
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5.5.5.7.1 Cohesionless Soils

Thelateral earth pressuredistribution for the design of
temporary or permanent anchored walls constructed in
cohesionless soils may be determined using Figure
5.5.5.7.1-1, for which the maximum ordinate, p,, of the
pressure diagram is determined as follows:

For wallswith asingle level of anchors:

(5.5.5.7.1-1)

For walls with multiple levels of anchors:

o - Prow
: (H_%Hl_%Hml)
(5.5.5.7.1-2)
where;
Pa = maximum ordinate of pressure dia
gram(KSF)
Prota = total lateral load required to be ap

plied to the wall face to provide a factor
of safety equal to 1.3 for the retained

soil mass when stability is analyzed
using an appropriate limiting equilib-
rium method of analysis. Except that
Protal, shall not be lessthan 1.44 P,. (KIP)

P, = active lateral earth pressure resultant
acting on the wall height, H, and deter-
mined using Coulomb’s theory with a
wall friction angle, J, equal to zero. (KIP)

H =wall design height (FT)

H, = distance from ground surface at top of
wall to uppermost level of anchors. (FT)

= distance from design grade at bottom
of awall to lowermost level of anchors (FT)

Hn+1

Thi = horizontal component of design force
inanchor at level i (KIP/FT)
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R = design reaction force at design grade
at bottom of wall to be resisted by
embedded portion of wall (KIP/FT)

5.5.5.7.2 Cohesive Soils

The lateral earth pressure distribution for cohesive
soils is related to the stability number, Ng, which is
defined as:

H
N = Vs
St

where:

Vs = total unit weight of soil (KCF)

H =wall design height (FT)

Su = average undrained shear strength of

soil (KSF)

55572a Siff to Hard

For temporary anchored wallsin stiff to hard cohesive
soils( N, <4),and B=zero, thelateral earth pressuremay
be determined using Figure 5.5.5.7.1-1, with the maxi-
mumordinate, p,, of thepressurediagramdeterminedas:

p,=02Y.H to 0.4YH
(5.5.5.7.2a— 1)

where:

p, =maximum ordinate of pressure diagram

(KSF)
Y =total unit weight of soil (KCF)
H  =wall design height (FT)

For permanent anchored wallsin stiff to hard cohesive
soils, the lateral earth pressure distributions described in
Article 5.5.5.7.1 may be used with, Py, based on the
drainedfriction angleof thecohesivesoil. For permanent
walls, the distribution (permanent or temporary) result-
ing in the maximum total force shall be used for design.
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Figure5.5.5.7.2b-1 Lateral Earth PressureDistribution for Anchored WallsConstructed from the Top Down
in Soft to Medium Stiff Cohesive Soils

C5.5.5.7.2a

In the absence of specific experience in a particular
soil deposit, p,=0.3yH shouldbeusedfor themaximum
pressure ordinate when the anchors are locked off at 75
percent of the design force or less. Where anchorsareto
belocked off at 100 percent of thedesignforceor greater,
amaximum pressure ordinate of p,=0.4y H should be
used.

For temporary wallsthelateral earth pressuredistribu-
tionsin Figure 5.5.5.7.1-1 should only be used for exca-
vations of controlled short duration, where the soil isnot
fissured and where there is no available free water.

5.5.5.7.2b Soft to Medium Stiff

Thelateral earth pressure on temporary or permanent
wallsin soft to medium stiff cohesive soils (Ng> 6) and
B =zero, may bedetermined, using Figure5.5.5.7.2b-1for
whichthemaximumordinate, p,, of thepressurediagram
is determined as:

Py =Ky VsH
(5.5.5.7.2b-1)
where:
Pa = maximum ordinate of pressure diagram
(KSF)
Ky = coefficient of active lateral earth pres-
sure from Equation 5.5.5.7.2b-2
Ys = total unit weight of soil (KCF)
H =wall design height (FT)

Thecoefficient of activelateral earth pressure, k,, may
be determined by:

4 d(1-5.14
@=1~51+&E—{———JEJ202
v H H v H

(5.5.5.7.2b-2)
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where: For permanent anchored wallsin soft tomedium clay,
long-termlateral earth pressuresdetermined using drained
S = undrained shear strength of retained soil shear strengthsand effective stressesmay begreater than
(KSH) pressures determined using undrained strengths and
should be considered in design.
Sub = undrained shear strength of soil below
design gradein front of wall (KSF)
C5.5.5.7.2b
Ys = total unit weight of retained soil (KCF)
For soils with 4<N<6, use the larger , p, , from
H = wall design height (FT) Equations 5.5.5.7.2a-1 and 5.5.5.7.2b-1.
d = depth of potential base failure surface
below the design grade in front of wall 5.5.5.8 Lateral Earth Pressures For
(FT) Mechanically Stabilized Earth

The value of, d , is taken as the thickness of soft to
medium stiff cohesive soil below thedesigngradeinfront
of thewall uptoamaximumvalueof, B,/./2 ,where, B,
, isthe width of excavation in front of the wall.

Walls

The lateral active earth pressure resultant applied to
the back of an MSE wall as shownin Figures 5.5.5.8-1,
5.5.5.8-2 and 5.5.5.8-3 shall be determined using the
Rankine theory in accordance with Articles 5.5.5.1,
5.5.5.3and 5.5.5.5.

AN
.\
< _ Reinforced Retained
soil — soil
K» <§
=
I [~

T

— Soil reinforcement

Figure5.5.5.8-1 Lateral Earth PressureDistribution and Resultant for M SE Wall with Level
Backfill Surface
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Figure5.5.5.8-2 Lateral Earth PressureDistribution and Resultant for M SE Wall with Sloping
Backfill Surface
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Figure5.5.5.8-3 Lateral Earth PressureDistribution and Resultant for M SE Wall with Broken Back
Backfill Surface

where:

5-38

= activelateral earth pressureresultant per
length of wall under consideration
determined by Rankine theory (KIP)

= horizontal component of, P, (KIP)

= vertical component of, P, (KIP)

= design height of wall (FT)

= height of pressuresurfaceat back of wall
(FT)

Section5  REeTAININGWALLS

= length of soil reinforcement (FT)

= height above base of wall to location of
point of application of, P,, see Article
C5.5.5.1(FT)

= dlope of backfill surface behind wall
(DEG)

= notional slope of backfill associated
with broken back backfill surface behind
wall (DEG)
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5.55.9 Lateral Earth Pressures For
Prefabricated Modular Walls

The lateral active earth pressure for the design of
prefabricated modular walls may be determined using
Coulomb’ stheory as presented in Figures 5.5.5.3-1 and
5.5.5.3-2c.

5.5.5.10 SurchargeLoads

5.5.5.10.1 Uniform Surcharge Loads

Where a uniform surcharge is present, a constant
horizontal earth pressure shall be added to the basic

lateral earth pressure. Thisconstant earth pressuremay be
taken as:

Dp = ks
(5.5.5.10.1-1)
where:
Dp = constant horizontal earth pressure dueto
uniform surcharge (KSF)
ks =coefficient of lateral earth pressuredueto
surcharge
ds = uniform surcharge applied to the wall

backfill surface within the limits of the
active failure wedge (KSF)

For active earth pressure conditions, ks , shall be
taken as, kj, and for at-rest conditions, ks, shall betaken

as, ko.

5.5.5.10.2 Uniformly Loaded Strip Parallel
to Wall

The horizontal earth pressure distribution and result-

ant appliedtotheback of awall duetoauniformly |loaded
strip parallel to the wall may be taken as:

Aphzﬂ l%rccot z —arccotE[
n | 180 a+h bE

O 2 2 D}
g z 2 B

(a + b) + b+—
(a+b) b
(5.5.5.10.2-1)
h a+b b
:p—%rctan( )—arctan—[
%0 h hE
(5.5.5.10.2-2)
, ( (a+b) b)
h | arctan — arctan —
_ h h
7Z =
( (a+b) b)
2h | arctan - arctan —
h h

(a + b)2 (90 — arctan M)

h

(a+b) b)

2h (arctan — - arctan—
h h

) b
b (90 - arctan —) - 57.30ah

h
(a+b) b
2h|arctan — - arctan —
h h

(5.5.5.10.2-3)

= horizontal earth pressure on the pressure
surfaceat back of wall at adistance, z,fromthe
wall backfill surface (KSF)

=vertical distancefrom thewall backfill sur-
face to the level at which Dy, is being deter-
mined (KT)

=horizontal earth pressureresultant actingon
thepressure surfaceat back of wall (KIPS/FT)
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= vertical distancefrom thewall backfill sur-
facetothelevel at which the horizontal earth
pressure resultant is applied (FT)

N|

h =height of pressuresurfaceat back of wall (FT)

p = |oad intensity of strip load parallel to wall
(KSF)

a = width of strip load (FT)

b = distance from pressure surface to near edge

of strip load (FT)

C5.5.5.10.2

Equations5.5.5.10.2-1 and 5.5.5.10.2-2 are based on
the assumption that the wall does not move (i.e. walls
which have a high degree of structural rigidity or re-
strained at thetop combined with aninability toslidein
response to applied loads). For flexible walls, this as-
sumption can be conservative.

5.5.5.10.3 Point Load

The horizontal earth pressure applied to the back of a
wall due to avertical point load my be taken as:

p 3%z X\ - z| [
A, a2
mn ER R (R+ z2) RT E
(5.5.5.10.3-1)
where:

P = vertical point load (KI1P)

R = radial distance from point of load applica-
tion to the point on the back of the wall at
which, Dy, , is being determined where,
R=(x+y'+Z)" (FT)

X = horizontal distance from the point of load

application to the back of thewall (FT)

Back of wall
or pressure

< surface -

Design
grade

ZNN

Figure5.5.5.10.2-1 Horizontal Earth Pressure on Wall Dueto Uniformly Loaded Strip Parallel to Wall
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y = horizontal distance from the point on the
back of the wall at which, A, , is being
determined to a plane which is perpendicular
tothewall and which passesthrough the point
of load application measured along the back
of wall (FT).

z = vertical distance from the point of load
applicationto theelevation of the point onthe
back of the wall at which, 4, , is being

C5.5.5.10.3

Equation 5.5.5.10.3-1 is based on the assumption that
the wall does not move. For flexible walls, this assump-
tion can be conservative.

Poisson'sratio for soils varies from about 0.25 to 0.5,
with lower values more typical for granular and stiff
cohesive soils and higher values more typical for soft

determined (FT) cohesive soils.

r = (X +y)* (FT) The horizontal earth pressure on awall due to other
vertical load conditions may be approximated by super-
v = Poisson’sratio (DIM) imposing the effects of closely spaced point loads which
are equivalent to the actual load in magnitude and distri-

bution.

X I‘;'
p
J AR
R D
Back of Wall
~ or F?I’GSSUI’G
suriace
1, Location
Aph / of load
= application
- Back of wall . PP
Oor pressure -
surface. / Aph
Design ]
grade
— RNR

Vertical Section

Horizontal Section
at Aph

Figure5.5.5.10.3-1 Horizontal Earth Pressureon Wall Dueto Point L oad

Section5  ReTAININGWALLS 5-41




c Bripce DEesieN SpeciFicaTions ® Aucust 2003

éans
5.5.5.10.4 Uniformly Loaded Strip strip loads may be distributed with depth as shown in
Parallel to Wall — Flexible Figure5.5.5.10.4-1 and horizontal forcesmay bedistrib-
Walls uted with depth as shown in Figure 5.5.5.10.4-2.

For flexible walls, i.e. walls relatively free to move
laterally inresponseto applied horizontal loads, vertical

d |
bf/2 Pvor Py

Footing, BxL
Bottom of / d
footing N Applied vertical
elevation /’7 ] / stress, o

Back of wall ‘
or pressure D |
surface

For z<z,, D,=b+z For point load, As |, = &2, (b, =0)
bl +z (Dl)
For z>z,, D= +d where:
For continuous footing or strip load, , . - .
D, = effective width for determining vertical
As = 157 stressat any depth dueto applied vertical load
D, (F)
For isolated footing load,
Ao = P, b = width of applied vertical stress (FT). For
v Dl(L + Z) concentrically loaded footings, by =B. For

eccentrically loaded footings, by =B-2¢ where,

Figure5.5.5.10.4-1 Distribution of Vertical Stresswith Depth Dueto Applied Vertical Stress( Continued )
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€, isthe eccentricity of the footing load, but Ao, = vertical stress at depth, z, due to applied
b; shall not be greater than B. vertical stress(KSF)
B = width of footing (FT) z = vertical distance from bottom of footing
elevation or level of applied vertical stressto
L = length of footing (FT) level at which, Ao, , isbeing determined (FT)
Py = vertical load per unit length of continuous z, = depth at which inclined plane for determi-
footing or strip load (KIPS/FT) nation of effective width, D,, intersects the
back of wall or pressure surface (FT)
P, = vertical load onisolated rectangular footing
or point load (KIPS) d = distancefrom center of width, by, to back of
wall or pressure surface (FT)
oy = applied vertical stress (KSF)

Figure5.5.5.10.4-1 Distribution of Vertical Stresswith Depth Dueto Applied Vertical Stress( Continued)

by
Bottom of

Footing bi/,

elevation Footing
) oV

Zy
\
|

- Backof wall or
pressure surface

Figure5.5.5.10.4-2 Distribution of Horizontal Stresswith Depth Dueto Applied Horizontal
Force(Continued)
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where:

bs =width of footing overwhichhorizontal force,
Py, isdistributed, (bs=B - 2€', but not greater
B) (FT)

B = width of footing (FT)

e =eccentricity of vertical load onfooting (FT)

Py = horizontal force at base of continuousfoot-
ing per unit length of footing (KIPS/FT)

Ds;, = horizontal stressat depth, z, dueto horizon-

tal force at base of continuous footing (KSF)

Dsh max = Maximum valuefor, Dsy, , which occurs at
the bottom of footing elevation (KSF)

z = vertical distance from bottom of footing
elevationor level of applied horizontal force
to level at which, Dsy, , is being determined
(FT)

Z3 = depth of back of wall or pressure surface
overwhich horizontal stress, Ds,, , from the
applied horizontal forceisdistributed, deter-
mined as shownin figure (FT)

fa'f = effective friction angle of soil (DEG)

Figure5.5.5.10.4-2 Distribution of Horizontal Stresswith Depth Dueto Applied Horizontal
Force( Continued )

5.5.5.10.5 LiveLoad Surcharge

A liveload surchargeshall beapplied wherevehicul ar
load is expected or possible to act on the surface of the
backfill withinadistanceequal tothewall height behind
the back face of the wall or pressure surface.

The increase in horizontal pressure due to live load
surcharge may be taken as:

D, =k %heq (5.5.5.10.5-1)
where:
Dp = constant horizontal earth pressure due to
live load surcharge (K SF)
Os =total unit weight of soil (KCF)
k = coefficient of |ateral earth pressure (DIM)

5-44 Section 5 Reraining WaLLs

heq = equivalent height of soil for vehicular load
(FT)

9heg 3 0.240 KSFfor highway loading

If thevehicular loadingistransmitted through astruc-
tural slab, which is also supported by means other than
earth, a corresponding reduction in the surcharge loads
may be permitted.

5.5.5.11 Lateral Earth Pressures for

Restrained Abutments

For abutments, such asrigidframeabutmentsor proped
abutments, which do not deflect sufficiently to createan
activewedgeinthebackfill soil, thelateral earth pressure
distributions shown in Figure 5.5.5.11-1 shall be used
whichever controls. Additionally live load surcharge
effects shall be applied.
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where:
K = coefficient of active lateral earth pressure Vs = unit weight of soil (KCF)
(DIM)
h =height of pressuresurfaceat back of wall (FT)
Ko = coefficient of at-rest lateral earth pressure
(DIM)

Figure5.5.5.11-1 Lateral Earth Pressureat Restrained Abutments

5.5.5.12 Reduction Due to Earth
Pressure

For culverts and bridges and their components where
earth pressure may reduce effects caused by other loads
and forces, such reduction shall be limited to the extent
earth pressure can beexpected to be permanently present.
In lieu of more precise information, 50% of the earth
pressure effectsmay beused to reducethe effectsof other
loads.
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5.6 RIGID GRAVITY AND

SEMI-GRAVITY WALL DESIGN
5.6.1 Design Terminology

Refer to Figure 5.6.1-1 for terminology used in the
design of rigid gravity and semi-gravity retaining walls.

Backfill

Front face \_/\>
/

Buttress \_/

Back face

Stem

5.6.2 Footing Embedment

Refer to Articles 4.4.5.1 and 4.4.5.2 for minimum
requirementsfor depth of embedment of footingsof rigid
gravity and semi-gravity retaining walls. Additionally,
footings shall be founded at a depth that provides a
minimum of 1.5 feet of cover.

Footing / Y/
cover /
\
A/ / % \
j / \
Toe / AN x\\%
P
Footing

Heel

Footing key

Figure5.6.1-1 TermsUsed in Design of Rigid Gravity and Semi-Gravity Retaining Walls

5-46 Section5  REeTAININGWALLS




[ o

Bripce DesieN SeeciFicaTions ® Aucust 2003

a/&ans

5.6.3 Earth Pressure, Water Pressure and

Surcharge L oadings

Lateral earth pressure loading on rigid gravity and
semi-gravity retaining wallsisafunction of thetypeand
condition of soil backfill, theslopeof theground surface
surfacebehindthewall, thefriction betweenthewall and
soil, andtheability of thewall totranslateor rotate about
itsbase. For wallswithfooting keysof depth, Dk, which
isgreater than the distance, Bk, from the back face of the
footing key tothebackfaceor heel of thewall footing, the
lateral earth pressure loading shall extend to the level of
the bottom of thefooting key. Refer to Articles5.5.5.1-
5.5.5.5 for determination of appropriate design lateral
earth pressures.

No vertical wall structure shall be designed for less
than an equivalent fluid with aunit weight of 36 pounds
per cubic foot, except that the maximum foundation
pressureor maximum pilereactionsacting ontheheel sof
wall footingsshall bedetermined by using anequivalent
fluid with aunit weight of 27 pounds per cubic foot.

In developing the total design lateral pressures, the
lateral pressure due to traffic, permanent point and line
surcharge loads, backfill compaction, or other types of
surchargeloadsshall beadded tothedesignlateral earth
pressure. Refer to Article 5.5.5.10 for the determination
of design lateral pressures due to surcharge loads.

Theresistance dueto passivelateral earth pressurein
front of thewall shall beneglected unlessthewall extends
well below the depth of frost penetration, scour or other
types of disturbance. Development of passive lateral
earth pressure in the soil in front of arigid wall requires
an outward rotation of the wall about its toe or other
movement of the wall into the soil. The magnitude of
movement required to mobilize passive pressure is a
function of thesoil typeand conditioninfront of thewall
asdefined in Table C5.5.1-1.

The provisions of Article 5.5.3 shall apply.

Whengroundwater |evel smay exi st abovethebottom
of wall footing el evation, consideration shall begivento
the installation of a drainage blanket and piping at the
wall excavationfacetointercept thegroundwater before
it saturates the wall backfill.

In general, all wall designs should provide for the
thorough drainage of the back-filling material.

5.6.4 Structure Dimensions and External

Stability

Gravity and semi-gravity wallsshall be proportioned
to ensure stability against possible failure modes by
satisfying the following stability criteria:

 Sliding — Factor of safety, FS; 3 1.5

¢ Qverturning—M aximum eccentricity of theresult-
ant force acting on footing base

Wall footing on soil, €nax £ —

Wall footing on rock, €ynax £ —

* Bearing capacity —
Wall footingon soil, FS3 3.0 seeArticle4.4.7

Wall footingonrock, FS3 3.0 seeArticle4.4.8

5.6.4.1 Sliding Stability

Inthe determination of the, FSg_, theeffect of passive
lateral earth pressureresistancein front of awall footing
or a wall footing key shall only be considered when
competent soil or rock existswhichwill not be removed
or eroded during the structure life. Not more than 50
percent of the available passive lateral earth pressure
shall be considered in determining the, FSy .

Refer to Figure 5.6.4.1-1 for procedures to deter-
mine the factor of safety against sliding. For wall
footings with afooting key, both horizontal and
inclined sliding planes should be considered to
determine the minimum factor of safety against
sliding. For walls with sloping footings procedures
similar to those shown in Figure 5.6.4.1-1 should be
used to determine the factor of safety against sliding.
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Wall stem

Footing toe - ]
Y

v A
ma.
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: - Footing heel
|
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a  Wal footing without footing key

F&

Wall stem
Footing foe -, T ‘
/‘/ Footing heel
,,,,,,,, [ a
{ ‘ PI’T\(]X T
Qs Q Q- — Footing key
B,
B
Q = Q1 + Q2
P +P
F — max p
! P
b.  Wall footing with footing key and horizontal
diding plane
Wall stem
Footing toe7 7A'7 ' }
T Footing heel
\
|
7 L -
Ppé [ P ‘ '_]
P;O\\\-\JT\GI ’“‘1\( a
Footing ke
aQ g key
B

Dk
a = arctan—
' B
Prax = (Qcosa — P, sina)tang” (+ ——cC
(Bnax + P, COsa —Qsina) cosa

F
> P cosa

c.  Wwal footing with footing key and inclined

dliding plane
where:
P = tangential component of forceonwall foot-
ing (KIP)

Pmax = maximumresistingforcebetweenwall foot-
ing base and foundation soil or rock against
dliding failure (K1P)

P = passivelateral earth pressure, not to exceed
50 percent of the available passive lateral
earth pressure(KIP)

Q = normal component of force onwall footing
(KIP)
Q = normal component of force onwall footing

within distance B, (KIP)

Q, = normal component of force onwall footing

within distance (B—B)) (KIP)
B = width of wall footing (FT)

B; = distancefromtoeof footing to front face of
footing key (FT)

B' = width of wall footing actually in compres-
sion (B'= B—2¢) (FT)

T; = wall footing thickness (FT)

Dy = depth of wall footing key (FT)

ﬂ’f = effective angle of internal friction of foun-
dation soil (DEG)

o) = angle of friction between wall footing and
foundation soil, or rock (for footings on
soil, 5, may betakenas, ; & ;) (DEG)

c cohesion of foundation soil (KSF)

Cy adhesion betweenwall footing and founda-
tion soil or rock (KSF)
angle between bottom of wall footing and
aplane passing through lower front corner
of the footing and the lower front corner of
the footing key (DEG)

Q
1

Figure5.6.4.1-1 Proceduresto Deter minethe Factor of Safety Against Sliding
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5.6.4.2 Overturning

Stability of awall against overturning is evaluated by
determining the eccentricity of the resultant force acting
on the footing base.

For wallswith afooting with no footing key or with a
footing with a shallow footing key, the lateral resisting

Xw

forces are generally not considered in determining the
eccentricity of the resultant force acting on the footing
base. For wallswith afooting with adeep footing key the
lateral resisting forcesshall beconsideredin determining
the eccentricity of the resultant force acting on the foot-
ing base. In the determination of the eccentricity, the
horizontal resisting force acting on the toe of the footing
shall not exceed the at-rest lateral earth pressure.

‘ Pressure
‘/ surface
|

Poh
‘ ¢ Footing =
S TIRT]T ‘ §
//o e p | =

De< T

B, > Dy, when B, < D, , the pressure surface of height, h, extends to bottom of footing key

e= %"' I:>al"|7_|:>avB_vaw
Q

Figure5.6.4.2-1 Proceduresto Determinethe Eccentricity of the Resultant For ce Acting on the Wall
Footing Base ( Continued )
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|
/
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v | [ >
><Zl —] ‘/
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| . -
‘ |
‘\ 0O ‘ |
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o —— e | | ;
1 \ |
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P=P-P,and (P -P,)<05P
B, <D, ,when B, > D, , the pressure surface of height, h, extends to the bottom of the footing.
S +RY-RB-WK, Ry, +R(3)
Q

b. Wall with deep footing key

e=

Figure5.6.4.2-1 Proceduresto Determinethe Eccentricity of the Resultant For ce Acting on the Wall
Footing Base ( Continued )
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where;
P, = lateral earth pressureresultant per unit width
of wall acting on pressure surface at back of
wall (KIPS/FT)

P, = vertical component of, P, (KIPS/FT)

av

P, = horizontal component of, P, (KIPS/FT)

y = vertical distance from bottom of footing to
level of application of, P, (FT)

h = heightof pressuresurfaceat back of wall (FT)

W = resultant weight of wall, including any foot-
ing key, the backfill above the footing, and
any surchargeloads acting abovethefooting
width per unit width of wall (KIPS/FT)

X, = horizontal distance from toe of footing to
location at which, W, acts.

e = eccentricity of resultant force acting on foot-
ing base from center of footing (FT)

H = wall design height (FT)
T, = width of wall footing key (FT)

B, = distancefrom heel of footing to back face of
footing key (FT)

P, = resultant force of uniformly distributed lat-
eral resisting pressure per unit width of wall
acting over depth of footing key required to
provide equilibrium to force, P (KIPS/FT)
P.=P-P,

P, = at-restlateral earth pressureresultant per unit

with of wall acting on the toe of the wall

footing (KIPS/FT)

Y, = Vvertical distancefrom bottom of wall footing
to the level of application of, P, (FT)

For other variables, see Figure 5.6.4.1-1

Figure5.6.4.2-1 Proceduresto Determinethe Eccentricity of the Resultant Force Acting on the Wall
Footing Base ( Continued )

5.6.4.3 Wall Foundations

See Article 4.45 for procedures to determine the re-
quired embedment depth of wall foundations; Articles
4.4.7 and 4.4.8, respectively, for procedures to design
spread footingson soil and rock; and Articles4.5and 4.6,
respectively, for procedures to design driven pile and
drilled shaft foundations.

5.6.5 Structure Design

Structural design of individual wall elements shall be
by the serviceload design method except in special cases
when earthquake forces are considered in which casethe
load factor design method may be used. A wall support-
ing asoundwall isaspecial casewhereearthquakeforces
should be considered.

5.6.5.1 Wall Footings

The rear projection or heel of footings shall be de-
signed to support the entire weight of the superimposed
backfill, surcharge loads, and a portion of the vertical
component of the lateral earth pressure acting on the
pressure surfacelocated at the heel of the footing, unless
amore exact method is used. The footing of cantilever
walls shall be designed as cantilevers supported by the
wall stem. The footing of counterforted and buttressed
walls shall be designed as fixed or continuous beams of
spans equal to the distance between counterforts or but-
tresses.

Thecritical sectionsfor bending momentsinfootings
shall betaken at thefront and back faces of thewall stem.
Thecritical sectionsfor shear inthefooting shall betaken
at adistance, d, fromthefront faceof thewall stemfor the
toesectionand at theback faceof thewall stemfor theheel
section (see Aritcle 8.16.6 when concentrated loads are
present).
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5.6.5.2 Footing Keys

Shallow unreinforced footing keys shall be propor-
tioned such that the key width is at least twice the key
depth. Deep reinforced footing keysshall be designed as
cantilevers supported at the bottom of the footing and
they shall be designed for theload produced by theforce,
Pgr, shownin Figure 5.6.4.2-1b.

5.6.5.3 Wall Stems

Thewall stemsof cantilever wallsshall bedesigned as
cantilevers supported at the footing. The face walls of
counterfort and buttress walls shall be designed asfixed
or continuous beams. The face walls shall be securely
anchored to the supporting counterforts or buttresses by
means of adequate reinforcement.

Axial loads (including theweight of thewall stemand
frictional forces due to backfill acting on the wall stem)
shall be considered in addition to the bending due to
eccentric vertical loads, surchargeloads and | ateral earth
pressure if they control the design of the wall stems.

5.6.5.4 Counterforts and Buttresses

Counterforts shall be designed as rectangular beams.
In connection with the main tension reinforcement of
counterforts, there should be a system of horizontal and
vertical bars or stirrups to anchor the face walls to the
counterfort. Thesestirrupsshould beanchored asnear to
the outside faces of the face walls, and as near to the
bottom of the footing as practicable.

5.6.5.5 Reinfor cement

Except in gravity walls, not less than 0.20 square
inchesper foot of height or length shall be providedinthe
horizontal and vertical directions near the exposed sur-
faces not otherwise reinforced to resist the formation of
temperature and shrinkage cracks.

Tension reinforcement at the bottom of the heel shall
be provided if required during the construction stage
prior to wall backfill placement. The adequacy of the
reinforcement shall be checked dueto thedead |oad of the
stem and any other vertical |loadsapplied to the stem prior
to backfilling.
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5.6.5.6 Expansion and Contraction

Joints

Contraction joints shall be provided at intervals not
exceeding 24 feet and expansion joints at intervals not
exceeding 96feet for gravity or reinforced concretewalls.
Expansion joints shall be constructed with ajoint filling
material of the appropriate thickness to ensure the func-
tioning of the joint and they shall be provided with a
waterstop capable of functioning over the anticipated
range of joint movements.

5.6.5.7 Backfill

The backfill material behind all retaining walls shall
be free draining, nonexpansive, honcorrosive material
and shall bedrai ned by weep holeswith perviousmaterial
or other positive drainage systems, placed at suitable
intervalsandelevations. For counterfortwalls, thereshall
be at least one drain for each pocket formed by the
counterforts.

Silts and clays shall not be used for backfill unless
suitabledesign proceduresarefollowed and construction
control measures are incorporated in the construction
documents to account for their presence.

5.6.5.8 Overall Stablility

Refer to Article 5.2.2.3.

5.7 NONGRAVITY CANTILEVERED
WALL DESIGN
5.7.1. Design Terminology
A nongravity cantilevered wall includes an exposed
design height, H, over which soil is retained and an

embedded depth, D, which provides lateral support, see
Figure5.7.1-1.
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/trans
Top of wall Finished
j grade F\
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Facing -7
T
Berm
Finished grade f?
Design grade AR
(Bottom of wall)
Discrete vertical
Vo //' element (soldier pile)
o) ! 4
a /f Concrete backfill

R

5 . Drilled hole

2, : ,—— Dr

I
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where:

H = design height of wall
D = depth of embedment of vertical wall elements for nongravity cantilevered walls (FT)
Do = cal culated embedment depth of vertical wall elementsfor non-gravity cantilevered walls

reguired to provide the desired factor of safety by the simplified analysis method (FT)

Figure5.7.1-1 Termsused in the Design of Nongravity Cantilever ed Retaining Walls
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This type wall may consist of discrete vertical ele-
ments, (sol dier piles) whichextend over theheight, H, and
embedment, D, with facing elements over the height, H,
which span between the discrete vertical elements or it
may consist of continuousvertical elements (sheet piles),
which extend over the height, H, and embedment, D,
providing both the facing and lateral support.

5.7.2 Loading

The active lateral earth pressure distributions pro-
vided in Article 5.5.5.6 may be used for design. When
determining the value for, k,, for granular soils, the
Coulomb theory should be used with the value for the
wall friction angle, , equal to zero.

Thelateral pressureduetotraffic, permanent point and
line surcharge loads, backfill compaction or other types
of surchargeloadsshall beadded totheactivelateral earth
pressure. Refer to Article 5.5.5.10 for the determination
of design lateral pressures due to surcharge loads.

5.7.3  Wall Movement

The effects of wall movements on adjacent facilities
shall be considered in the selection of the design lateral
earth pressures. Wallsfor whichlittleor nomovement can
be tolerated should be designed for at-rest lateral earth
pressure.

5.7.4 Water Pressure and Drainage

The provisions of Article 5.5.3 shall apply. Seepage
shall be controlled by the installation of a drainage
medium behind the facing with outlets at or near the
bottom of the wall facing. Drainage panels, when used,
shall maintain their drainage characteristics under the
designlateral earth pressuresand surchargeloadings, and
shall extend from the base of thewall to alevel not more
than 3 feet below finished grade at the top of the wall.
Whentimber lagging membersareusedfor thefacing, the
provision of gaps between thelagging membersisgener-
ally sufficient to control seepage. For lagging members
less than 6 inches thick, 3/8 inch gaps may be used, for
lagging members 6 inches or more in thickness, ¥z inch
gaps may be used.

5-54 Section5  REeTAININGWALLS

Where thin drainage panels are used behind walls,
saturated or moist soil behind the panels may be subject
tofreezing and expansion. In such cases, insulation shall
be provided on the walls to prevent freezing of the soil,
or consideration should be given during wall design to
the pressureswhich may be exerted onthewall by frozen
soil.

5.7.5 Passive Resistance

The passive lateral earth pressure distributions pro-
vided in Article 5.5.5.6 may be used for design. When
determining the value for, k;, for granular soils, the
provisions of Articles 5.5.5.4 and 5.5.5.5 may be used.

The embedment of vertical wall elements shall be
designed to support the full design lateral earth, sur-
charge and water pressures. In determining the embed-
ment depthto mobilize passivelateral resistance, consid-
eration shall be given to planes of weakness (e.g., slick-
ensides, bedding planes, and joint sets) that could reduce
the strength of the soil or rock determined by field or
laboratory tests. Embedment in intact rock including
massiveto appreciably jointed rock which should not fail
through a joint surface, shall be based on the shear
strength, sy, of the rock mass.

5.7.6 Structure Dimensions and External

Stablility

Nongravity cantilevered walls shall be dimensioned
to ensure stability against passive failure of the embed-
dedvertical elementssuchthat thefactor of saf ety against
overturning about he bottom of the embedded vertical
elementsisgreater than or equal to 1.5, FSor > 1.5, when
the simplified lateral earth pressure distributionsin Ar-
ticle 5.5.5.6 plus any additional surcharge and water
pressures are used.

Where discrete vertical wall elements are used for
support, the width, b, of each vertical element shall be
assumedto equal thewidth of theflangeor diameter of the
structural element for driven sections or elements place
in drilled holes which are backfilled with pea gravel or
lean concrete and equal to the diameter of thedrilled hole
for sections encased in structural concrete backfill.

When determining theresultant | ateral pressures, both
active and passive, applied to the embedded portion of
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discretevertical elementsin soil, an effectivewidth of the
vertical elements, b’, may beused. Forwallswitha facing
that is continuous across the vertical elements the effec-
tive width shall not exceed two times the width of the
vertical elements(b’< 2b). Forwallswithafacingthatis
simply supported at each vertical element the effective
widthshall not exceed threetimesthewidth of thevertical
elements (b < 3b). Theeffectivewidth used for the verti-
cal elementsshall not exceed the center to center spacing
of thevertical elements. When determining the resultant
passive lateral pressure applied to the embedded portion
of discrete vertical elements in rock, the width of the
vertical element shall be used.

For vertical elementsembedded in soil, the calcul ated
embedment, D,, shall be increased to determine the
embedment to be used, D, so that,

D > 1.1D,. For vertical elements embedded in rock,
D > D, may be used.

For nongravity cantilevered wallswith embedment in
soil, the design height, H, shall be established so that the
finished grade providesaberminfront of thewall face at
least 4 feet wide measured from the face of the wall and
provides a design grade at least 2 feet below finished
grade measured at the face of the wall.

For nongravity cantilevered wallswith embedment in
rock the design height, H, shall be established so that
stable conditionswill be provided considering the nature
of therock and slopein front of the wall and the service
life of thewall.

5.7.7 Structure Design

Structural design of individual wall elements shall be
by the servicel oad design method except in special cases,
such aswhen earthquakeforcesare considered, inwhich
case the load factor design method may be used.

Thevertical support elementsshall bedesignedfor the
full contributory lateral pressures and any vertical loads
if they control the design.

Reinforced concrete facing el ements both continuous
and simply supported shall bedesigned for thefull design
lateral pressures, deadload, and any other vertical loads
if they control the design.

Timber or steel facing elements (lagging members)
simply supported at the vertical support elementsmay be
designed for a reduced bending moment to account for
soil arching except when retaining soft cohesive soils.
When applicable the maximum design moment may be
taken as0.8timesthecal culated moment using thedesign
lateral pressures. Timber facing elements should be con-
structed from stress-grade lumber which has been pres-
sure treated with a perservative.

5.7.8 Traffic Barrier

When traffic barriers are placed at the top of non-
gravity cantilevered wallsthey shall be constructed on a
support slab which is designed to resist the overturning
due to the design horizontal impact load applied to the
barrier. The support slab shall be designed so only
horizontal and vertical forces are transmitted to the ver-
tical support elements of thewall. The support slab
shall be continuous the full length of the wall with no
expansionjoints. The horizontal forcesfrom the support
slab applied to the vertical support elements need to be
considered in the design of these vertical support ele-
ments. The horizontal force from the support slab shall
be applied to the top of the vertical support elements.
For discrete vertical support elements the minimum de-
sign force shall be 20 kips or 3.5 kips times the spacing
of the vertical support elementswhichever isgreater but
need not exceed 40 kips. For continuous vertical sup-
port elements the minimum force shall be 3.5 kips per
foot. These design forces may be considered factored
loads. Thedesignlateral earth pressurefromtheretained
soil heed not be considered to act concurrently with the
above design forces. The calculated embedment, D,
shall provide a minimum factor of safety against over-
turning equal t0 1.0 ( FSo1 > 1.0 ) for the aboveloading
using the simplified analysis method.

When traffic barriers are placed at the top of non-
gravity cantilevered walls embedded in soil or rock, the
minimum design height, H, shall be 6 feet, and the
minimum length of wall and barrier slab shall be 60 feet.

5.7.9 Overall Stability
Refer to Article5.2.2.3

When conducting a limiting equilibrium method of
analysis, the passive resistance provided by any portion
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of the wall vertical elements which extend below the
failure surface being evaluated may be used in the
analysis.

5.7.10 Corrosion Protection
Steel vertical support elements should be protected
over their exposed height and anominal distance below
finished grade with an appropriate coating system.
Steel facing elements and fasteners should be pro-

tected with an appropriate coating system.

5.8. ANCHORED WALL DESIGN

581 Design Terminology

Ananchoredwall includesan exposed design height,
H, over which soil isretained and generally an embed-

/ Top of wall

ded depth, D, which may provide vertical and lateral
support pluseither structural anchorsor ground anchors,
seefigures 5.8.1-1 and 5.8.1-2.

This type wall may consist of discrete vertical ele-
ments(sol dier piles) which extend over theheight, H, and
embedment, D, with facing elements over the height, H,
which span between the discrete vertical elements and
oneor morelevelsof anchorsor it may consist of continu-
ousvertical elements (sheet piles), which extend over the
height, H, and embedment, D, providing both the facing
and vertical and lateral support and one or more levels of
anchorsor it may consist of multiplelevelsof continuous
horizontal elements over the height, H, with anchors at
eachlevel all of which providethefacing and vertical and
lateral support.

Theanchorsmay beeither structural anchorsor ground
anchors. Structural anchors may consist of concrete
anchors, anchor piles or a pile anchor which are located
a sufficient distance behind the wall to develop latera
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Figure5.8.1-1 Termsused intheDesign of Anchored Retaining Wallsusing Tie Rodsand
Structural Anchors(Continued)
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resistance beyond any critical failure surfaceand tierods
securedtothewall and structural anchor. Ground anchors
generally consist of prestressing steel elements(tendons)
placed and grouted in drilled holes.These tendons extend
from an anchorageto thewall to an anchor zone (bonded
length) located beyond any critical failure surfacebehind
the wall. The ground anchor includes an unbonded
length which permits stressing the anchor without trans-
ferring forces to the ground within this length and a
bonded length overwhichtendonforcesaretransferredto
the ground.

5.8.2 Loading

5.8.2.1 Walls with Structural Anchors

For the determination of active lateral earth pressure
distributions and additional 1oadings, the provisions of
Article 5.7.2 apply.

The effects of wall movements on adjacent facilities
shall be considered in the selection of the design lateral
earth pressures. Wallsthat cantoleratelittle or no move-
ment should be designed for at-rest |ateral earth pressure.

5.8.2.2  Walls with Ground Anchors

For the determination of the apparent lateral earth
pressure distributions acting on the wall height, H, the
provisionsof Article5.5.5.7 apply. For thedetermination
of the activelateral earth pressure distributions acting on
the wall embedment depth, D, the provisions of Article
5.5.5.6 apply. When determining the value for, K, for
granular soils, the Coulomb theory should be used with
thevaluefor thewall friction angle, , equal to zero. The
lateral pressure due to traffic, permanent point and line
surcharge loads, backfill compaction or other types of
surcharge loads shall be added to the above lateral earth
pressures. Referto Article5.5.5.10for thedetermination
of design lateral earth pressures due to surcharge loads.

5.8.3 Wall Movement

Theeffectsof horizontal and vertical wall movements
on the performance of the wall and on adjacent facilities
shall beconsideredinthedevel opment of thewall design.
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5.8.4  Water Pressureand Drainage

The provisions of Article 5.7.4 shall apply.

5.8.5 Passive Resistance

The passive lateral earth pressure distributions, pro-
videdinArticle5.5.5.6, may beusedinthedetermination
of the required embedment of the vertical wall elements.
When determining theval uefor, ky, for granular soils, the
provisions of Articles, 5.5.5.4 and 5.5.5.5 may be used.
The vertical component of the total passive lateral earth
pressure should not exceed the available vertical force
resistance of the wall and the wall anchors.

In determining the required embedment depth to
mobilize passive lateral resistance, consideration shall
be given to planes of weakness (e.g. slickensides, bed-
ding planes, and joint sets) that could reduce the strength
of the soil or rock determined by field or |aboratory tests.
Embedment inintact rock including massiveto apprecia-
bly jointed rock which should not fail through a joint
surface, shall be based on the shear strength, S, of the
rock mass.

5.8.6.1 General
Thedesign of anchored wallsincludesthe determina-
tion of the following;

. Size, spacing, and depth of embedment of the
vertical wall elements and facing;

. Type, capacity, spacing, depth, inclination and
corrosion protection of wall anchors; and

. Structural capacity and stability of thewall, wall
foundation and surrounding soil mass for all
intermediate and final stages of construction.

For anchoredwallswith embedment in soil, thedesign
height, H, shall be established so that the finished grade
providesaberminfront of thewall faceat |east 4feetwide
measured from the face of thewall and which providesa
designgradeat |east 2 feet bel ow finished grademeasured
at theface of thewall. For wallssupported in or through
soft clays, the design grade shall be established suffi-
ciently below finished grade to prevent heave in front of
the wall.
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For anchoredwallswithembedment inrock thedesign
height, H, shall be established so that stable conditions
will be provided considering the nature of the rock and
dlopeinfront of the wall and the servicelife of thewall.

Bearing resistance shall be determined assuming that
all vertical components of loads are transferred to the
embedded portion of the vertical wall elements. The
provisions of Articles 4.4.7, 4.4.8, 4.5.6 and 4.6.5 shall

apply.

Where fill is placed behind a wall, either around or
abovethetierodsor ground anchors, special designs, and
construction specifications shall be provided to prevent
damage to these elements due to the backfilling opera-
tions or due to settlement of subsoil.

For wallsin cut where the excavation has advanced to
the level required for the construction of the top level of
anchors, but prior to the installation of the anchors, the
wall shall be analyzed as atemporary non-gravity canti-
leveredwall and theprovisionsof Article 5.7 shall apply.

For anchorsthat areto be load tested against the wall,
consideration of theability of theretained soil toresist the
anchor test |oad without excessive deflection of the wall
shall be considered in locating the top level of anchors
and in establishing the design force, T, of the anchors.

Anchored walls must be internally and externally
stable. Internal stability requires the wall anchors to be
located sufficiently behind thewall so that theanchorsdo
not develop load-resistance from the soil mass retained
by the wall unless the load-resistance is reduced by the
amount developed from theretained soil mass. A wall is
internally stable when any failure surface that passes
between the wall and the wall anchor will have an ad-
equate factor of safety with the available anchor resis-
tance applied. External stability is satisfied when any
failure surface that passes behind thewall anchorshasan
adequate factor of safety. Thefactors of safety in Article

5.2.2.3 apply.

5.8.6.2 Walls with Structural Anchors.
Anchored walls with structural anchors shall be di-
mensioned to ensure stability against passive failure of
the embedded vertical elements such that the factor of
safety against rotation about the level of the tie rod is
greater than or equal to 1.5, FSg > 1.5, and to ensure that

the ultimate capacity, T, iSgreater than or equal to, 2T,
Tyt 2 2T.

For design of these walls, refer to Figures 5.8.6.2-1,
5.8.6.2-2, and 5.8.6.2-3 and the following procedures;

1. Determinetheactivelateral earth pressuredistribu-
tion or at-rest lateral earth pressure distribution if
movements are to be restricted and any additional
loadings. Determinethe passivelateral earth pres-
sure distribution;

2. Determinethe embedment, D, of the vertical wall
elementsthat providesafactor of safety equal to1.0
against rotation about point, O, (level of tie rod);

3. Determinethetierod force, T, that provides equi-
librium of horizontal forcesacting onthewall over
the height, H + D,;

4. Determinethetieroddesignforce, T. Forwallswith
concrete anchors and anchor piles, T > 1.2 T, for
wallswith pileanchors, T > 1.4 T,,.

5. Designtierod, tierod connections, and anchor for
thedesignforce, T. theanchor shall bedesigned so
that, T, , of the anchor is greater than or equal to
2 times the design force, T, of thetie rod.

6. For wallswith aconcrete anchor or anchor piles, if
the passive wedge failure surface of the anchor
encroaches into the active wedge failure surface
behind thewall, determinetheforce, APy, required
for equilibrium of the soil mass, abed, between the
anchor and the wall.

7. Determine the embedment, D, for the vertical wall
elementsthat providesafactor of safety equal to 1.5
against rotation about point, O, (level of tie rod).
Includethedrivingforce, APy, inthedetermination
of,D.

8. Designthevertical wall elementsassuming apoint
of zero moment in the vertical wall elements at
point, b.

When the tie rods are not horizontal, the vertical
component of thetierod design force, T, shall be consid-
ered in the design of the vertical wall elements, tie rod
connections, and anchors.
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If the wall will support soil or backfill before the
anchor is effective, the wall shall be checked as a non-
gravity cantilevered wall, see Article 5.7.

5.8.6.2.1 Concrete Anchors

Theultimatecapacity, T ;, of aconcreteanchor equals
the total passive lateral earth pressure resistance minus
the total active lateral earth pressure minus any lateral
earth pressure due to surcharge loads acting behind the
anchor, seeFigure5.8.6.2.1-1. If,ds-'fr, it may beassumed
that the anchor extends to the finished grade and the
ultimate capacity of the anchor is,

Tut= (Pp-Pa) b’ (5.8.6.2-1)
where;

Tyt = ultimate capacity of the concrete anchor

(KIP)

P, =total lateral passive earth pressureacting on
height, D, per foot width of anchor (K/FT)

P, =total lateral active earth pressure acting on
height, D, per foot width of anchor (K/FT)

D  =depthof embedment of concreteanchor (FT)

b = effective width of concrete anchor (FT)
where:
b' = sfor continuous anchors and

b =b+g or b+§,whichever
isleast but not to exceed, s, for

individua anchors

If,d> %theulti matecapacity, T ;, of aconcreteanchor
may conservatively be taken as the total lateral passive
earth pressure acting on the anchor height, h, and effec-
tivewidth, b', minusthetotal lateral active earth pressure
and any lateral earth pressure due to surcharge loads
acting behind the anchor acting on the anchor height, h,
and effective with, b'. Alternatively, T ;, may be deter-
mined from representative full size tests or model tests.

For the determination of the active lateral earth pres-
sure, Py, and the lateral earth pressures due to surcharge
loads, the provisions of Article 5.7.2 apply.

h = actual height of concrete anchor (FT) The passive lateral earth pressure distributions pro-
videdin Article’5.5.5.6 may be used for determining, Pp,.
b = actual width of concrete anchor (FT) When determining thevaluefor, k;, for granular soils, the
provisionsof Article5.5.5.4and5.5.5.5may beusedwith
s = horizontal spacing of tierods (FT) the value for the wall friction angle, d, assumed equal to
Zero.
d = depth of concrete anchor cover (FT)
Finished
grade
c" d ¢
N ' /
~ / -
o — /

Passive wedge N

failure surface —

/ Active wedge
/ failure surface

Tuh Pp \

\ Tie rod

AR
\ Active pressure <
=g
\
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Figure5.8.6.2.1-1 Determination of Ultimate Capacity of a Concrete Anchor
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Figureb5.8.6.2.1-2 Deter mination of Reduction of Ultimate Capacity of a Concrete Anchor

Theultimatecapacity, T, of aconcreteanchor should
bereduced whenthepassivewedgefailuresurfaceinfront
of the anchor crosses the active wedge failure surface
behind the wall, see Figure 5.8.6.2.1-2. If the anchor is
located between surfaces, be, and, bf, in Figure5.8.6.2.1-
2, only partial resistance is available. The capacity
reduction, A T ;;, may be determined as;

Tut= (Pp-Pab
where:

AT, = ultimate capacity reduction for the
concrete anchor (K1P)

P,  =total lateral passiveearth pressureacting on
height, h', per foot width of anchor (K/FT)

Py  =tota lateral active earth pressure acting on
height, h', per foot width of anchor (K/FT)
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h' = height from intersection of failure surfaces
to ground surface (finished grade) (FT)

b' = effective width of concrete anchor (FT)

Thetierod connection to the anchor should belocated
at the location of the resultant lateral earth pressures
acting on the vertical faces of the anchor.

5.8.6.2.2 Anchor Pile

The ultimate capacity, T, of an anchor pile is a
function of the moment resistance of the total passive
lateral earth pressure minus the driving moment of the
total active lateral earth pressure and any lateral earth
pressure due to surcharge loads acting on the anchor pile
embedment, D, and anchor pile effective width, b', see
Figure5.8.6.2.2-1. If,d< b', it may be assumed that the
anchor pile extends to the finished grade and that the
ultimate capacity of the anchor pileis;
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Ya  =Vvertical distancefromthebottom of embed-
(P,y, - P,y,) ment, D, to the level at which, P,, acts (FT)
ult = 5.8.6.2.2-1
t (D, —H,) ( ) D, = calculated embedment from finished grade
f anchor pile (FT
where: of anchor pile (FT)
. . . d = distancefrom finished gradetotop of anchor
Tyt = ultimate capcity of the anchor pile (KIP) pile (FT)
Po ; 'FOthaI ISI eral giﬁive_earth pL%su_rleacf[ijnﬁ Ot? H,  =distance from finished grade to level at
(é"”g:) t, Do, and effectiveanchor pilewidth, which, T, acts on anchor pile (FT)
. . b' = effective width of anchor pile (FT)
P, = tota lateral active earth pressure acting on
height, D, and effective anchor pilewidth, b’ D = embedment from finished grade to be used
(KIF) for anchor pile (FT)
yp  =verti I(;al distfri]nﬁef:mtheht_)oﬁtol;n of emkl):er- F = total force acting on anchor pile at depth,
ment, Dy, to the level at which, Py, acts (FT) D, required to provide equilibrium of hori-
zontal forces acting on the anchor pile (KIP)
Anchor pile
Finished
grade
c" c
N 7TRNTTT /
~ /
N + /
™~ .
A Tuit Active
AN wedge
N Tie rod / failure
‘ BN surface
Passive wedge ) R
failure surface O a
N o
™~
R Ry
= 2
e F
4
Figure5.8.6.2.2-1 Determination of Ultimate Capacity of an Anchor Pile
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The passive lateral earth pressure distributions pro-
videdin Article5.5.5.6 may be used for determining, P,
When determining thevaluefor, ky, for granular soils, the
provisionsof Article5.5.5.4and 5.5.5.5 may beused with
the value for the wall friction angle, J, assumed equal to
zero.

For the determination of the active lateral earth pres-
sure, Py, and the lateral earth pressures due to surcharge
loads, the provisions of Article’5.7.2 apply. When deter-
mining the active lateral earth pressure, the valuefor the
wall friction angle, J, shall be assumed equal to zero.

When determiningtheeffectivewidth, b, of ananchor

piles embedded in rock, the calculated embedment, D,
shall beincreased to determinetheembedment tobeused,
D,sothat D> 1.1D,,.

Theultimate capacity, T, of ananchor pileshouldbe
reduced when the passive wedge failure surface in front
of theanchor pilecrossestheactivewedgefailuresurface
behind the wall. Where this case occurs, the ultimate
capacity, T,;, may be determined by considering a re-
duced value for, Py, acting on the anchor pile. The
reduction in, Py, is,

AP, = (Py-P b (5.8.6.2.2-2)

pile, the provisions of Article 5.7.6 apply. where:
For anchor piles embedded in soil, the calculated AP, =reduction in lateral passive earth pressure
embedment, D,, shall be increased to determine the acting on the anchor pile (KIP)
embedment to be used, D, sothat D >1.2 D,. For anchor
Finished grade
T7ANAN
= W
T .
‘ Pile cap
TuIt *l

Tie rod /

A

P

Compression
piles

Tension
piles

\s

Figure5.8.6.2.3-1 Determination of Ultimate Capacity of a Pile Anchor
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P,  =total lateral passive earth pressure acting
on height, h', per foot width of anchor pile
(K/FT)

P',  =total lateral active pressure acting on
height, h', per foot width of anchor pile
(K/FT)

h' = height from intersection of failure surfaces
to ground surface (finished grade) (FT)

b' = effective width of anchor pile (FT)

5.8.6.2.3 Pile Anchor

Pile anchors generally consist of driven tension and
compression piles and a pile cap for anchoring the tops
of thepilesandtheend of thehorizontal tierod, seeFigure
5.8.6.2.3-1. The ultimate capacity, T, of apileanchor
isafunction of the horizontal component of forcein the
tension and compression piles. Theultimate capacity of
acontinuous pile anchor is;

fcC ph Tph C

T, = —_—
ult SES_-'- s, ﬁ

c

(5.8.6.2.3.1)

andtheultimate capacity of anindividual pileanchor
is;
Tult = Z Cph+ Z Tph

where:

(5.8.6.2.3.2)

Tyt = ultimate capacity of a continuous pile
anchor with tie rods at spacing, s (KIP)
or ultimate capacity of an individual pile

anchor (KI1P)

Cpn = horizontal component of axial forceina
battered compression pile (K1P)

Ton = horizontal component of axial forceina
battered tension pile (K1P)

S = spacing of tierods (FT)

S = spacing of compression piles (FT)

S = spacing of tension piles (FT)

H;  =distancefrom finished gradeto level at
which, T, , acts on pile anchor (FT)

W  =weight of pile cap and pile cap cover (KIP/

FT)
b.  =indicator of batter of compression piles
(DIM)
by = indicator of batter of tension piles (DIM)
Cp = axial forcein compression pile (KIP)
Tp = axial forceintension pile (KIP)

For the design of the driven piles, the provisions of
Article4.5 shall apply except that piles may be designed
for sustained tension force. Theaxial forces, Cp, and, Tp,
shall belessthan or equal tothenominal resi stancesof the
piles. Lateral earth pressuresacting onthepilesand pile
cap generally are not considered in determining, T, .

Thepileanchor should belocated beyond any critical
failure surface behind the wall.

5.8.6.3 Wallswith Ground Anchors

Anchored wallswith ground anchors shall be dimen-
sionedtoensurethat thetotal lateral |oad, P1q4, Plusany
additional horizontal loadsareresisted by thehorizontal
component of theanchor designforce, T, of all theanchors
andthereaction, R, at or below thebottomof thewall. The
embedded vertical elementsshall ensurestability against
passive failure such that the factor of safety against
translation is greater than or equal to 1.5, FS; 21.5. In
determining the stability of the embedded vertical ele-
ments, only the passive resistance below the critical
failuresurfaceor point,o,inFigures5.8.6.3-1thru5.8.6.3-
5whicheverislowest, shall beconsideredinresistingthe
reaction, R, andtheactivelateral earth pressurebelowthe
critical failuresurfaceor point,o0,inFigures5.8.6.3-1thru
5.8.6.3-5 whichever islowest.

When thecritical failure surface of the limiting equi-
librium analysis associated with the determination of,
Prota in Aticle 5.5.5.7 passes a significant distance
below thedesign gradeat thebottom of thewall, thenthe
ground anchors should be designed to resist the total
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force, P14, and the vertical elements of thewall should
be designed as a cantilever from the lowest anchor level
to the bottom of the wall.

For design of thesewalls, refer toFigures5.8.6.3-1 thru
5.8.6.3-3 for walls with a single level of anchors and
Figures 5.8.6.3-4 and 5.8.6.3-5 for walls with multiple
levels of anchors and the following procedures;

1. Determinethedesignlateral earth pressureand any
additional horizontal loading acting on the wall
over the design height, H;

2. Determinethepassive and activelateral earth pres-
sures acting on the embedded vertical wall ele-
ments below the point, O, or the critical failure
surface whichever isthe lowest;

3. Determine the horizontal component of ground
anchor design force, T}, and reaction, R, that pro-
videsequilibrium of horizontal forcesabove point,
O. For walls with a single level of anchors, take
moments about point, O, to determine, T,;, where
for wallswith, Hq, lessthan or equal to, 2H- point, O,
islocated at the bottom of wall (design grade) and
wherefor wallswith, H4, greater than, zHr point, O,
islocated, zHr below the level of the anchors. For
walls with multiple levels of anchors a number of
suitable methods for the determination of, Ty, at
each level are in common use. Sabatini, et. al.
(1999) provides two methods which can be used :
the Tributary AreaMethod, and the Hinge M ethod.
To determine, R, equate horizontal forces above
point, O, equal to zero;

4. Determine the design force, T, for the anchors at
each level, where, T=%,and ,a , equalstheincli-
nation from horizontal of the anchor;

5. Determine the embedment, D, of the vertical wall
elements required to ensure stability against pas-
sive fallure;

6. Determine the embedment, D, of the vertical wall
elementsrequiredto resist all vertical components
of loads. Only the portion of the vertical wall
elements below the critical failure surface should
be considered in determining the resistance to
vertical loads;

7. Usethe greater of the two embedments, D, in pro-
cedures 5 and 6 above;

8. Designthevertical wall elementsfor all horizontal
and vertical loads. Horizontal supports may be
assumed at each level of ground anchors and at
point, O;

9. Design the ground anchors.

Ground anchors shall be designed to resist pullout of
the bonded length in soil or rock. The allowable pullout
resistance of astraight shaft anchor in soil or rock, Q, , is
computed as;

_ndr, L,
¢ FS
where
Q, = alowable anchor pullout resistance (K1P)

diameter of anchor drill hole (FT)

T, = ultimate anchor bond stress (KSF)

L, = anchor bond length (FT)

FS = factor of safety applied to ultimate anchor
bond stress(DIM)

For preliminary design the resistance of anchors may
either be based on theresults of anchor pullout |oad tests;
estimated based on areview of geologic and boring data,
soil and rock samples, laboratory testing, and previous
experience; or estimated using published ultimate soil
and rock to grout bond stresses. Typical values for the
factor of safety, FS, appliedto ultimateanchor bond stress
valuesare2.0to 2.5for soil and 2.5to 3.0 for rock. Final
design of the bonded length is generally the responsibil-
ity of the contractor and is verified by load testing each
ground anchor.

Theanchor bonded length shall belocated beyond the
critical failure surface in the retained soil mass.

A minimum distance between the front of the bonded
zone of the anchor and the critical failure surface behind
thewall of 5feetor 1';-' isneededtoensurethat noload from
the bonded zone of theground anchor istransferredtothe
retained soil mass by the grout column.

Determination of the anchor unbonded length, incli-
nation from horizontal and overburden cover shall con-
sider:
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* thelocation of the critical failure surfacein there-
tained soil mass behind the wall,

» the minimum length required to ensure minimal
loss of anchor prestress due to long-term ground
movement, but not less than 15 feet,

* the depth to adequate anchoring strata,

» the method of anchor installation and grouting,

* the seismic performance of the wall and anchors.

Theminimum spacing between ground anchor bonded
lengthsshould bethelarger of threetimesthe diameter of
the bonded length, or 5 feet. If smaller spacings are
required to develop the required anchor design force,
consideration may be given to differing the anchor incli-
nations between alternating anchors.

5.8.7 Structure Design

Structural design of individual wall and anchor ele-
ments may be performed by service load or load factor
design methods in conformance with Article 3.22. The
provisions of Article 5.7.7 apply.

5.8.8 Traffic Barrier

The provisions of Article 5.7.8 apply

5.8.9 Overall Stability

Theprovisionsof Article5.7.9 apply. Failure surfaces
both in front of and behind the wall anchors shall be
evaluated.

5.8.10 Corrosion Protection

5.8.10.1 Tie Rods

Tie rods should be protected from corrosion by com-
plete full-length encapsulation and electrical isolation
from thewall and structural anchor at the connectionsto
these members.
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5.8.10.2 Ground Anchors

Ground anchorsshould beprotected from corrosion by
complete full-length encapsulation. Encapsulation con-
tinuity shall be maintained at transitions in type of
encapsulation including at the wall anchorage.

5.8.10.3 Wall Members

The provisions of Article 5.7.10 apply,

5.8.11 Load Testing and Lock Off

5.8.11.1 Structural Anchors

Consideration should be given to load testing repre-
sentative structural anchorswhen unusual conditionsare
encountered to verify the safety with respect tothetierod
design force.

Tierods should be secured to the wall with anominal
forceto help establish uniform loading of thetierodsand
anchors.

5.8.11.2 Ground Anchors

All groundanchorsfor wallsshould beload tested with
either a proof test, performance test or creep test. The
maximum test load for an anchor should generally be 1.5
times the design force, T, of the anchor.

Ground anchors for walls are generally locked off
against the wall at aload equal to 0.75 times the design
force, T, of the anchor. Higher lock-off forces may be
considered in order to minimize wall movements or to
develop higher frictional forces between the wall ele-
ments and the retained soil mass.

Ground anchorswith strand tendons should be locked
-off at aforce which produces a stressin the strand of at
least 0.50f, of thestrand inorder to ensurethat the strand
wedgesat thetendon anchoragemaintain asufficient grip
on the strand to preclude slippage. If this lock-off force
can not be provided, alternative means of restraining the
strand wedges should be provided.
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59 MECHANICALLY STABILIZED

EARTH WALL

MSE walls shall be designed for external stability of
the wall system as well asinternal stability of the rein-
forced soil mass behind the facing. MSE wall system
design requires knowledge of short and long-term prop-
erties of the materials used as soil reinforcement aswell

as the soil mechanics which govern MSE wall behavior.
Structural design of thewall facing may also berequired.

Thedesign provisions provided herein for MSE walls
do not apply to geometrically complex MSE wall sys-
tems such as tiered walls (walls stacked on top of one
another with various offset distances of thefront face) or
walls with varying soil reinforcement length over the
height of the wall.

Finished
grade

Pressure surface
for external

stability
: |
fTOdef wall / Retained soil
or design / ‘ O Vi
|| Reinforced soil mass,
(pr' yr' kr / ‘
//\+ Failure surface for
/ internal stability
Wall facing = Active Zone ‘ Resistant Zone ‘
T| panelsor Lo | Le ‘
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for external /
. / ‘ stability /\/
erm
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/ Wall facing ‘ /
|7 connection /\w
‘ |
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‘- _V
— [ X
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22 Soil Reinforcement Length, L for design
=
Wall Base Width, B

Figure5.9.1-1 M SE Wall Element Dimensions Needed for Design.
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5.9.1 Structure Dimensions
MSE wall element dimensions needed for design are
showninfigure5.9.1-1

MSE walls shall be dimensioned to ensure that the
minimum factors of safety required for sliding and over-
turning stability aresatisfied aswell astheeccentricity of
thebasereaction not exceedingthemaximumallowed. In
addition, the minimum factors of safety for foundation
bearing capacity and soil reinforcement pullout resis-
tanceshall besatisfied, aswell asoverall stability require-
ments as provided in Article 5.2.2.3.

The soil reinforcement length shall be calculated
based on external and internal stability considerations.
Soail reinforcement length, L, shall be asaminimum 70
percent of thewall height,H,andnot lessthan8feet. The
soil reinforcement length shall be uniform throughout
the entire height of the wall, unless substantiating evi-
denceindicatesthat variationinlengthissatisfactory or
additional length is required locally to resist concen-
trated loads. External loads such as surcharges may
increasetheminimum soil reinforcement length. Greater
soil reinforcement lengthsmay also berequiredfor walls
founded on soft soil sites and to satisfy global stability
requirement.

The minimum embedment depth of the bottom of the
reinforced soil mass shall be based on bearing capacity,
settlement and stability requirements, al so the effects of
frost heave, scour, proximity to slopes, erosion, and the
potential future excavation in front of the wall shall be
considered. In addition to general bearing capacity,
settlement, and stability considerations, the minimum
embedment required shall consider thepotential forlocal
bearing capacity failureunder theleveling pador footing
dueto higher vertical stressestransmitted by thefacing.
The minimum embedment depth shall be 2 feet or, 0.1H,
whichever isgreater. Thelowest level of soil reinforce-
ment shall be located a minimum of 0.5 feet below the
level of the finished gradein front of the wall.

A minimum horizontal berm 4 feet or, 0.1H, wide
whichever is greater shall be provided in front of walls
founded on slopes.

Forwallsconstructed alongriversand streams, embed-
ment depth shall be established at a minimum of 2 feet
bel ow potential scour depth asdeterminedinaccordance
with Article 5.3.5.
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5.9.2 External Stability

Thelength of soil reinforcement for M SE walls shall
bedeterminedtoensurestability against failuremodeshby
satisfying the following stability criteria:

. Sliding — Factor of safety, FSq ® 1.5

. Overturning —factor of safety, FSyt 3 2.0,and

- Maximum eccentricity of the resultant force

L
acting on the base of wall, €,,, £ 5
. Bearing capacity - factor of safety, FS 2 2.0.

Stability determinations shall be made assuming the
reinforced soil mass and facing to be a coherent gravity
mass. The design lateral earth pressure acting on the
pressuresurfaceat theend of the soil reinforcement shall
be determined in accordance with Article 5.5.5.8 using
thefrictionangleand unit weight of theretained soil. For
battered walls with an inclined pressure surface,
Coulomb’ stheory may beused assumingthewall friction
angle, d, equals, b , or B. For standardized wall designs
afriction angleequal to 34 degrees may be assumed for
theretained soil and 30 degreesfor the foundation soil.

Indevelopingthetotal designlateral pressuresacting
on the pressure surface, the lateral pressure due to sur-
charge loads shall be added to the design lateral earth
pressure. Refer to Article5.5.5.10for thedetermination
of design lateral pressures due to surcharge loads.

When groundwater levels may exist within the rein-
forced soil massand/or retained soil, they shall beconsid-
ered in stability determinations.

Theresistance dueto passive lateral earth pressurein
front of an MSE wall shall be neglected in sliding and
overturning stability determinations.

For external stability determinations the weight and
dimensionsof thefacing elementsaretypically ignored,
although they may be included.

For external stability determinationstraffic surcharge
loads shall be considered to act beyond the end of the
reinforced soil mass.
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5.9.2.1 Sliding Stability

The factor of safety against sliding, FSq , shall be
determined by summing the horizontal resi sting forcesof
the wall and dividing that sum by the summation of
driving forcesacting onthewall. Thehorizontal resisting
forcestypically only consist of thenormal forceacting on
the base of the wall times the coefficient of dliding
resistance. The normal force acting on the base consists
of theweight of the reinforced soil mass, surchargeloads
acting on the top of the reinforced soil mass, and the
vertical component of the design lateral pressure acting
on the pressure surface. The coefficient of sliding resis-
tance used to cal cul ate thefrictional resistance at thebase
of thewall shall be the minimum of the following deter-
minations:

. Tan g at the base of the wall, where g is the
friction angle of the reinforced soil or the foun-
dation soil, whichever is the least.

. Tan p if continuous or near continuous soil
reinforcement layers are used, where, p, isthe
soil to reinforcement interface angle for the
bottom of thelowest soil reinforcement layer. I
site specificdatafor Tan p isnot available, use
0.67 Tan g for the coefficient of sliding
resistance.

The summation of driving forces acting on the wall
typically consists of the horizontal component of the
design lateral pressure acting on the pressure surface.

5.9.2.2 Overturning Stability

Thefactor of safety against overturning, FSyt , shall
be determined by summing the resisting moments about
the toe of the wall and dividing that sum by the summa-
tion of thedriving momentsabout thetoe of thewall. The
lower front corner of thereinforced soil massistypically
assumed asthetoeof thewall. Theresistingmomentsare
typically provided by the weight of the reinforced soil
mass, surcharge loads acting on the top of the reinforced
soil mass, and the tangential component of the design
lateral pressure acting on the pressure surface. The
driving moment is typically provided by the horizontal
component of the design lateral pressure acting on the
pressuresurface.

The eccentricity of the location of the resultant force
acting on the base of the wall shall be determined and
compared with the maximum allowable eccentricity.

5.9.2.3 Bearing Capacity

Theprovisionsof Article4.4.7 apply. Allowablebear-
ing capacitiesfor M SE walls shall be determined using a
minimum factor of safety of 2.0 for Group 1 loading
applied totheultimate bearing capacity. Thewidth of the
footing for determining the ultimate bearing capacity
shall be considered to be the length of the soil reinforce-
ment at the foundation level.

Bearing pressures shall be computed using the
Meyerhof distribution, which considers a uniform base
pressure distribution over an effective basewidth, B'=
L-2e. Whenthevaluefor e, isnegative, B' = L. Wheresoft
soilsarepresent or if on sloping ground, thedifferencein
bearing stressdeterminedfor thewall reinforced soil zone
relative to the local bearing stress beneath the facing
elements shall be considered when evaluating bearing
capacity. This is especially important where concrete
wall facings are used due to their weight. Furthermore,
differential settlements between the facing elementsand
the reinforced soil zone of the wall due to concentrated
bearing stressesfrom the facing weight on soft soil could
create concentrated stresses at the connection between
the facing elements and the wall soil reinforcement. In
both cases, the leveling, pad shall be embedded ad-
equately to meet bearing capacity and settlement require-
ments or dimensioned and designed to keep bearing
stressesbeneath theleveling pad and theremainder of the
wall as uniform as possible.

59.24 Overall Stability

Overall stability analysesshall be performed in accor-
dance with Article 5.2.2.3. Additionally for MSE walls
with complex geometrics, compound failure surfaces
which pass through a portion of the reinforced soil mass
shall beanalyzed, especially wherethewall islocated on
sloping or soft ground whereoverall stability ismarginal.
Factors of safety and methods of analysis provided in
Article5.2.2.3arestill applicable. Thelong-termstrength
of those levels of soil reinforcement extending beyond a
failuresurface should beconsidered asrestoringforcesin
the limit equilibrium slope stability analysis.
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5.9.3 Internal Stability

Internal stability design is dependent on the soil
reinforcement extensibility and material type. Ingeneral,
inextensiblesoil reinforcement consistsof metallic strips,
bar mats or welded wire mats, whereas extensible soil
reinforcement consists of geotextiles or geogrids.
Inextensiblesoil reinforcement reachesit’ speak strength
at strainslower thanthe strain required for the reinforced
soil to reach its peak strength. Extensible soil reinforce-
ment reachesits peak strength at strains greater than the
strain required for the reinforced soil to reach its peak
strength. Internal stability failure modes include soil
reinforcement rupture (ultimate limit state), soil rein-
forcement pullout (ultimate limit state), and excessive
elongation under the design load (serviceability limit
state). The serviceability limit state is not evaluated in
current practice for internal stability design. Internal
stability is determined by equating the tensile load ap-
pliedtothesoil reinforcement totheallowabletensionfor
the soil reinforcement, the allowable tension being gov-
erned by soil reinforcement rupture and pullout.

Theloadinthesoil reinforcement isdetermined at two
critical locations, i.e. at the zone of maximum stress and
at the connection withthewall face, to assesstheinternal
stability of thewall system. Potential for soil reinforce-
ment rupture and pullout are evaluated at the zone of
maximumstress. Thezoneof maximum stressisassumed
tobelocated at the boundary between the active zone and
the resistant zone. Potential for soil reinforcement rup-
ture and connection failure are evaluated at the connec-
tion of the soil reinforcement to the wall facing.

For the determination of the horizontal forces and
pullout resistance within the reinforced soil mass for
permanent or temporary M SE walls, a friction angle of
34° may beassumedfor thereinforced soil mass. Backfill
for the reinforced soil mass shall consist of material free
from organic material and substantially free of shale or
other soft, poor durability particles and shall not contain
slag aggregate or recycled material ssuch asglass, shred-
ded tires, portland cement concrete rubble, asphaltic
concrete rubble or other unsuitable material, and shall
conform to the following requirements:
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For MSE walls with inextensible soil reinforcement

(Metallic soil reinforcement),

Gradation Requirements
Sieve Size Percentage Passing California Test
6" 100 202
3" 78-100 202
#4 * oo 202
#30 0-60 202
#200 0-25 202
Property Requirements
Test Requirement California Test
Sand Equivalent 12 min. 217
Plasticity Index 10 max. 204
Miniimum Resistivty [ 100 OLim - m 643
min.
Chlorides <500ppm 422
Sulfates <2000 ppm 417
pH 5.5t 10.0 643

* |f 12 percent or less passes the #200 sieve and 50
percent or less passes the #4 sieve, the Sand Equivalent
and Plasticity Index requirements shall not apply.

For M SE walls with extensible soil reinforcement

(geosynthetics),

Gradation Requirements
Sieve Size Percentage Passing California Test
2" 100 202
#4 50-80 202
#40 0-30 202
#200 0-15 202
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Property Requirements
Test Requirement California Test
Sand Equivalent 30 min. 217
Plasticity Index 10 max. 204
Durability Index 35 min. 229
pH 4.5t 9.0 643

For the determination of the horizontal forces and
pullout resistance within the reinforced soil mass for
temporary MSE walls, a friction angle of 28° may be
assumed for the reinforced soil mass. Backfill for the
reinforced soil mass shall consist of material free from
organic material or other unsuitable material, and shall
conform to the following requirements:

Gradation Requirements

Sieve Size Percentage Passing California Test
*6" 100 202
Hk 4N 100 202
# 200 0-50 202

Property Requirements

Test Requirement California Test
Sand Equivalent 8 min. 217
Plasticity Index 15 max. 204

* Minimum 1500 ohm - cm

Resistivity min. 643

* Chlorides <500 ppm 422

* Sulfates <2000 ppm 417
* pH 5.510 10.0 643
** pH 4.5t 9.0 643

*Applies only for MSE walls with inextensible soil

reinforcement

** Applies only for MSE walls with extensible soil

reinforcement

5.9.3.1 Determination of Maximum Soail

Reinforcement L oads.

Themaximum soil reinforcement load, T, shall be
determined using the Coherent Gravity method for walls
with inextensible soil reinforcement and the Simplified
Coherent Gravity Method for walls with extensible soil
reinforcement. For both these methods, the load in the
soil reinforcement is obtained by multiplying a lateral
earth pressurecoefficient, K, by thevertical soil stress, o,
at the level of the soil reinforcement and applying the
resulting horizontal soil stress, gy, , to the tributary area,
A, , for the soil reinforcement as follows:

Tax = On A (5.9.3.1-1)
A = by hy (5.9.3.1-2)
o, = o,K, + Agy, (5.9.3.1-3)

Where, A g;,, isthehorizontal soil stress at the level
of soil reinforcement under consideration dueto concen-
trated horizontal surcharge loads, see Article 5.5.5.10.4,
by, isthewidth of thetributary areaand, h;, isthe height
of thetributary area. For wallswith face panels, thewidth
of thetributary areaisgenerally equal to the panel width
or a multiple of the panel width. The height of the
tributary area depends on the location of the level of soil
reinforcement under consideration. For the top level of
soil reinforcement, h;, equals the distance from the top
of wall tothelevel of soil reinforcement plusone half the
distancetothenext lower level of soil reinforcement. The
top of wall is considered the level at which the finished
gradeintersectstheback of thewall face. For intermediate
levels of soil reinforcement, h, , equals one half the
distance to the next higher level of soil reinforcement
plus one half the distance to the next lower level of soil
reinforcement. For thebottomIevel of soil reinforcement,
h; , equals one half the distance to the next higher level
of soil reinforcement plus the distance to the bottom of
wall. Thebottom of thewall isgenerally considered to be
the level of the top of leveling pad under the face of the
wall.

The vertical soil stress, g, , and the lateral earth
pressure coefficient , K, , shall be determined in accor-
dance with Articles 5.9.3.1.1. and 5.9.3.1.2, for
inextensible and extensible soil reinforcement respec-
tively.
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5.9.3.1.1 Inextensible Soil Reinforcement

The Coherent Gravity Method shall be used to deter-
mine, g, , asfollows:

q-0nt+ Ag, (5.93.1.11)

Where, o,,,, equals the vertical soil stress at the level
of soil reinforcement under consideration due to the
weight of the soil overburden, distributed vertical sur-
charge loads above the reinforced soil mass and lateral
earth pressureacting onthepressuresurfaceand usingthe
Meyerhof procedure, andwhere, A g,,, equalsthevertical
soil stressat thelevel of soil reinforcement under consid-
eration due to concentrated vertical surcharge loads, see
Article5.5.5.10.4.

Thelateral earth pressure coefficient , K, , shall equal
the at-rest lateral earth pressure coefficient, K, , at the
level of the top of thewall and vary linearly with depth
to a value equal to the active lateral earth pressure
coefficient at adepth of 20 feet below thetop of thewall,
and remain constant at this value for depths greater than
20 feet from the top of thewall. The at-rest lateral earth
pressure coefficient, K, , shall be determined in accor-
dancewithArticle5.5.5.2assuming, 3, equal tozero. The
active lateral earth pressure coefficient, K, , shall be
determined in accordance with the Coulomb Theory and
Article5.5.5.3assuming, 3, 4 ,and, 8, al areequal tozero.

5.9.3.1.2 Extensible Soil Reinforcement

The Simplified Coherent Gravity Method shall be
used to determine, o, , asfollows:

+ Ao, 9.0.1.2-
Ac, (5.9.3.1.2-1)

Oy= Uavg

Where, 0,4 , equalstheaverage vertical soil stressat

thelevel of soil reinforcement under consideration dueto

theweight of the soil overburden and distributed vertical

surchargeloadsabovethelevel of soil reinforcement, and
where, Ao, ,isasnotedinArticle5.9.3.1.1.

Thelateral earth pressure coefficient, K, , shall equél
theactivelateral earth pressurecoefficient which shall be
determined in accordance with the Coulomb Theory and
Article 5.5.5.3 assuming, 3, d ,and, 8 , al areequal to
zero.
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Determination of Maximum Soail
Reinforcement Load at the Wall
Face

5.9.3.2.

The maximum soil reinforcement tensile load at the
wall face, T, shall beequal to, T, , for thecorrespond-
inglevel of soil reinforcement for all wall systemsregard-
less of facing and soil reinforcement type.

5.9.3.3. Determination of Soil
Reinforcement Length for
Internal Stability

5.9.3.3.1 Location of Zone of Maximum

Horizontal Soil Stress

The location of the zone of maximum horizontal soil
stress for wall systems with inextensible and extensible
soil reinforcement, which forms the boundary between
the active and resistant zones and which isassumed to be
the failure surface for internal stahility, is determined as
showninFigure5.9.3.3.1-1. For all wall systems, thezone
of maximum horizontal soil stress shall be assumed to
begin at the back of the facing elements at the toe of the
wall.

For wall systems with extensible soil reinforcement,
the zone of maximum horizontal soil stress, asdefined by
theangle, /, fromhorizontal, should bedetermined using
the Coulomb theory. In applying the Coulomb theory,
the back of the wall facing elements shall be assumed to
bethepressuresurfaceand, o , thewall frictionangleshall
beassumedequal to, 3,or, B, where, 3, equalstheslope
of the backfill surface behind the wall face and, B, isthe
notional slope of the backfill associated with a broken
back backfill surface behind the wall face as shown in
Figure 5.5.5.8-3.

Concentrated surcharge loads shall be considered in
thedetermination of thelocation of the zone of maximum
horizontal soil stress.

5.9.3.3.2 Soil Reinforcement Pullout
Design

The soil reinforcement pullout resistance shall be
checked for adequacy at each level against pullout failure
for internal stability. Only the effective pullout length
which extends beyond the potential failure surface for
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Figure5.9.3.3.1-1 L ocation of Potential Failure Surfacefor Internal Stability Design of M SE Walls
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internal stability shall be used in the determination of
pullout resistance. Theminimum effective pullout length
shall be 3 feet. In the determination of the vertical soil
stressat each level of soil reinforcement, only permanent
loads should be considered.

The pullout resistance provided at each level of soil
reinforcement shall provide a minimum factor of safety
against pullout equal to 1.5 as determined by the follow-
ing equation:

Finished
grade
Potential ~
failure
surface

w [ O

face 1

N

|
-
|
|

Level of soil
reinforcement
under consideration

N

:
77
|

|

1

Depth Below Ground Surface, Feet

FS0= T (5.9.3.3.2-1)

Where, FSo: isthefactor of safety against pullout of
the soil reinforcement under consideration, T, , isthe
maximum soil reinforcement load in the soil reinforce-
ment under consideration, and, R, , is the pullout
resistance of the soil reinforcement under consideration
and is determined as follows:

Pullout Resistance Factor, F *

e fon e 15

0 0.4

12
N
N
2
>
&
P

%\

Smooth strips

20

Figure5.9.3.3.2-1 Pullout Resistance Factor for Steel Strip Soil Reinfor cement
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For geosynthetic soil reinforcement,

Ry = F*LCBao, (5.9.3.3.2-2)

Where, F*, isthe pullout resistance factor, L, , isthe
length of soil reinforcement intheresistant zone, C, isan
overall soil reinforcement surface area geometry factor
and is equal to 2 for strip, grid, and sheet type soil
reinforcements, B, isthewidth of the soil reinforcement,
a, isascaleeffect correction factor andisegual to oneor
less, g, istheminimum vertical soil stressat thelevel of
soil reinforcement under consideration withinthelength,
L

e

The valuesfor, F* , and, a, are product specific and
should be determined by appropriate testing. In the
absence of product specific values a default value of
0.67 Tan g, may be assumed for, F*, and default values
of 0.8 and 0.6 may be assumed for, a, for geogrids and
geotextiles respectively.

For steel strip soil reinforcement,

Ry = 2F" L. Bo, (5.9.3.3.2-3)

Where, F*, L, , and, B, areasdefined for geosynthetic
soil reinforcement and, o,, , isthevertical soil stress at
the mid-point of, L, , at the level of soil reinforcement
under consideration.

gp(;zheed Pullout Achorage Factor, Fc
qultenTiol = 0 1012 16 20
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Figure5.9.3.3.2-2 Pullout Anchorage Factor for Steel Grid Soil Reinfor cement
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Thevaluesfor, F*, and, s,,, are based on the depth,
z , below theground surface (finished grade) asshownin
Figure5.9.3.3.2-1.

For steel grid soil reinforcement,

Rpo = Fac NB dpnetSy (5.9.3.3.2-4)

Where, F,c, isthe pullout anchorage factor, Lg , is
the length of soil reinforcement in theresistant zone, N,
is the number of transverse grid elements of the soil
reinforcement within the length, L., B, isthelength of
the transverse grid elements, dyo , isthe net diameter
of the transverse grid elements after consideration for
corrosionloss, and,s, , isthevertical soil stressat themid
point of, L, at the level of soil reinforcement under
consideration.

Thevaluesfor, Fy-and, s, , arebased on the depth,
z , below theground surface (finished grade) asshownin
Figure 5.9.3.3.2-2.

For welded wire faced walls with grid type soil rein-
forcement withlongitudinal wirespacinggreater than six
inches center to center, the values for, Fpc , shall be
determined from pull-out tests but shall not be greater
than those values shown in Figure 5.9.3.3.2-2

The value for, dy,e , Mmay be determined by the
following relationship:

— ﬁ(Agross +

Anel) 605
Opnet ~g - (5.9.3.3.2-5)
p @

Where, Ay o, iSthe cross sectional areaof thetrans-
versegrid element beforeany sacrificial steel lossdueto
corrosion and, A, . is the cross sectional area of the
transverse grid element at the end of the design service
life after the design sacrificial steel loss has occurred.

For steel grid soil reinforcement, the spacing between
transversegrid elementsshall beuniformthroughout the
length of the soil reinforcement. The transverse grid
element spacing may vary between levels of soil rein-
forcement but the spacing shall not belessthan 6 inches
nor more than 30 inches.
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5.9.3.4 Reinforcement Strength Design

The strength of the soil reinforcement needed, for
internal stability, to resist the maximum load applied
throughout thedesignlifeof thewall shall bedetermined
at every level within the wall height.

Therefore, for the maximum load at each level of
reinforcement,

T ET

max a

(5.9.3.4-1)

Where, T,,5x, isdeterminedinaccordance with Article
5.9.3.1and, T,,isthelong-termallowablestrength of the
soil reinforcement associated withthetributary area, A
, used in determining, Ty, T4, shall bedeterminedin
accordance with Article 5.9.3.4.2.1 for steel reinforce-
ment and Article5.9.3.4.2.2. for geosynthetic reinforce-
ment.

Thedifferenceintheenvironment occurringimmedi-
ately behind the wall face relative to the environment
within the reinforced backfill zone and its effect on the
long-term durability of the soil reinforcement/connec-
tionshall beconsideredwhendetermining, T, ,since, T,

equals, Ty -

5.9.3.4.1 Design Service Life

Requirements

Soil reinforcement, including connectionsto the fac-
ing, in MSE walls shall be designed to have acorrosion
resi stance/durability toensureaminimumdesign service
life. For permanent wallswith steel soil reinforcement, a
design servicelife of 50 yearsisaminimum. For perma-
nent wallswithgeosynthetic soil reinforcement, adesign
servicelifeof 75yearsisaminimum. Thegreater design
servicelifefor geosynthetic soil reinforcement isdueto
thelargeinfluencecreep hasonthelong-termstrength of
geosynthetic soil reinforcement. For temporary walls, a
design servicelife of 5 yearsis aminimum.

5.9.3.4.1.1 Steel Reinforcement

Thestructural design of steel soil reinforcementsand
connections shall be made on the basis of, Fy ,theyield
strength of thesteel, and thenet cross-sectional areaof the
steel at the end of the design servicelife.
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Steel soil reinforcement and steel connection ele-
ments for permanent walls shall be galvanized with a
minimum coating thickness of 2 ounces per square foot
appliedinconformancewith ASTM A 123. Thiscoating
shall be assumed to provide 10 years of servicelife.

The net cross-sectional areaof the soil reinforcement,
A » shall be determined as follows:

Anet = Agross - Acorrosion loss

Where, A , is the cross-sectional area of the soil
reinforcement at the end of the design servicelife, Ay o
, 1S the cross-sectional area of the ungalvanized soil
reinforcement at the start of the design servicelife, and,
Acorrosion loss » 1S the cross-sectional area of the soil
reinforcement lost due to corrosion over the design ser-
vice life.

(5.9.3.4.1.1-1)

Acorrosion loss @ Shall be determined by applying a
corrosion loss rate to the exposed surface of the soil
reinforcement for the remaining design service life after
the depletion of the galvanization.

When the backfill for the reinforced soil mass con-
formstotherequirementsinArticle5.9.3, acorrosionloss
rate equal to 1.1 mils per year may be used to determine,

Acorrosi on loss -

When the backfill for the reinforced soil mass con-
forms to the following requirements for select granular
backfill, a corrosion loss rate equal to 0.5 mils per year
may be used to determine, Aoy osion loss -

Select granular backfill for the reinforced soil mass
shall consist of material free from organic material and
substantially free of shale or other soft, poor durability
particles and shall not contain slag aggregate or recycled
materials such as glass, shredded tires, portland cement
concrete rubble, asphaltic concrete rubble or other un-
suitable material, and shall conform to the following
requirements:

Gradation Requirements
Sieve Size Percentage Passing California Test
6" 100 202
3" 75-100 202
#4 0-25 202
# 200 0-5 202
Property Requirements
Test Requirement California Test
Plasticity Index 6 max 204
Minimum Resistivity | 1200 OPm = em 643
min.
Chlorides <500 ppm 422
Sulfates <2000 ppm 417
pH 5.5 to 10.0 643

The above corrosion loss rates account for potential
pitting mechanisms and much of the uncertainty due to
datascatter. Thesecorrosionlossratesarenot applicable
in applications where:

. theM SEwall will beexposedtoamarineor other
chloride rich environment;

. thesoil reinforcement iscontinuously connected
inadirectionparallel toasourceof stray currents
suchasfrom nearby underground power linesor
adjacent electric rail lines;

. the backfill material is aggressive; or

. the galvanizing coating thickness is less than
specified.

Each of these situations creates aspecial set of condi-
tions which should be specifically analyzed by a corro-
sion specialist.

Epoxy coatings are not considered equivalent to gal-
vanizing.
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5.9.3.4.1.2 Geosynthetic Reinforcement

The durability of geosynthetic reinforcementsisin-
fluenced by environmental factorssuch astime, tempera-
ture, mechanical damage, stress levels, and chemical
exposure(e.g., oxygen, water, and pH , which arethemost
common chemical factors). Microbiological attack may
also affect certain polymers, thoughingeneral most of the
polymers used for carrying load in soil reinforcement
applicationsare not affected by this. The effects of these
factors on product durability are dependent on the poly-
mer typeused (i.e. resintype, grade, additives, and manu-
facturing process) and the macrostructure of the rein-
forcement. Not all of thesefactorswill haveasignificant
effect on all geosynthetic products. Therefore, the re-
sponse of geosyntheticreinforcementsto theselong-term
environmental factors is product specific.

However, within specific limits of wall application,
soil conditions, and polymer type, strength degradation
dueto these factors can be anticipated to be minimal and
relatively consistent from product to product, and the
impact of any degradation which does occur will be
minimal. Even with product specific test results, RF|
and RFp shall be no less than 1.1 each.

For conditions which are outside these defined limits
(i.e. applications in which the consequences of poor
performance or failure are severe, aggressive soil condi-
tions, or polymers which are beyond the specific limits
set), or if it is desired to use an overall reduction factor
which is less than the default reduction factor recom-
mended herein, then product specific durability studies
shall be carried out prior to use. These product specific
studies shall be used to estimate the short-term and long-
term effectsof theseenvironmental factorsonthestrength
and deformational characteristics of the geosynthetic
reinforcement throughout the reinforcement design life.

Wall application limits, soil aggressiveness, polymer
reguirements, and the cal culation of long-termreinforce-
ment strength are specifically described as follows:

1)  Structure Application Issues: Applications for
which the consequences of poor performance or failure
aresevereconsist of wallswhich supportimportant struc-
tures, critical utilities, or other facilities for which the
consequences of poor performance would be severe. In
such applications, a single default reduction factor shall
not be used for design.

5-88 Section5  REeTAININGWALLS

2) Determination of Soil Aggressiveness. Soil
shall be considered aggressive when any one of the
following conditions exist:

. the maximum soil particle size is greater than
0.75inchesunlessfull scaleinstallation damage
testsareconductedinaccordancewithASTM D
5818,

. the pH of thesoil islessthan 4.5 or greater than
9.0,

. the design temperature at the all site is greater
than 85°F, and

. the soil organic content (determined by
AASHTO T267-86) for material finer than the
No.10 sieve is greater than one-percent.

The effective design temperature is defined as the
temperaturewhichishalfway betweentheaverageyearly
air temperature and the normal daily air temperature for
the warmest month at the wall site. Note that for walls
which face the sun, it is possible that the temperature
immediately behind the facing could be higher than the
air temperature. This condition should be considered
when assessing the design temperature, especially for
wall sites located in warm, sunny climates.

A single default reduction factor shall not be used in
aggressive soil conditions. The environment at the face,
in addition to within thewall backfill, shall be evaluated,
especially if the stability of thefacing isdependent onthe
strength of the geosynthetic at the face, i.e., the
geosynthetic reinforcement forms the primary connec-
tion between the body of the wall and the facing.

Thechemical propertiesof the native soil surrounding
the reinforced soil backfill shall aso be considered if
there is potential for seepage of ground water from the
native surrounding soilsto thereinforced soil backfill. 1f
thisisthe case, the surrounding soils shall also meet the
chemical criteriarequired for the backfill material if the
environment is to be considered non-aggressive, or ad-
equate long-term drainage around the geosythetic rein-
forced soil mass shall be provided to ensure that chemi-
cally aggressive liquid does not enter into the reinforced
backfill.
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3) Polymer Requirements: Polymers which are
likely to have good resistance to long-term chemical
degradation shall be used if a single default reduction
factoristobeused, tominimizetherisk of theoccurrence
of significant long-term degrtadation. The polymer ma-
terial requirementsprovided in Table 5.9.3.4.1.2A shall
therefore be met if detailed product specific data as
described in FHWA Publication No.FHWA SA-96-071
“Mechanically Stabilized Earth Walls and Reinforced
Soil Slopes Design and Construction Guidelines” — Ap-
pendix B, and in FHWA Publication No. FHWA SA-96-
072 “ Corrosion/Degradation of Soil Reinforcementsfor
Mechanically Stabilized Earth Walls and Reinforced
Soil Slopes’ is not obtained. Polymer materials not
meetingtherequirementsin Table5.9.3.4.1.2A couldbe
used if this detailed product specified data extrapolated
to the design life intended for the structure is obtained.

4) Calculation of Long-Term Reinforcement
Strength: for ultimate limit state conditions.

T = Tub (5.9.3.4.1.2-1)
a| RF .....
where,
RF = RF|p x RFr X RFp (5.9.3.4.1.2-2)

T, isthe long-term tensile strength required to pre-
vent rupture of the reinforcement, b, is the width of the
reinforcement, T ;;, istheultimatetensilestrength of the
reinforcement determined from wide width tensile tests
(ASTM D 4595) for geotextiles and geogrids, or rib
tensiletest for geogrids (GRI: GG1, but at astrain rate of
10 percent per minute), RF, is a combined strength
reduction factor to account for potential long-term deg-
radation duetoinstallation damage, creep and chemical
aging, RF|p isastrength reductionfactor to account for
installation damage to the reinforcement, RFr is a
strength reduction factor to prevent long-term creep
rupture of the reinforcement, and RF is a strength
reduction factor to prevent rupture of the reinforcement
dueto chemical and biological degradation. Thevalue
selected for T, shall betheminimumaverageroll value
( MARV) for the product to account for statistical vari-
ance in the material strength.

Valuesfor, RF|p , RFcR, and, RFp , shall be deter-
mined from product specific test results. Even with
product specifictest results, RF| , and, RFy , shall be
no lessthan 1.1 each.

Guidelines for how to determine, RF| , RF-g, and,
RFp , from product specific dataare providedin FHWA
Publication No. FHWA SA-96-071“ Mechanically Sta-
bilized Earth Walls and Reinforced Soil Slopes Design
and ConstructionGuidelines’ - Appendix B, andin FHWA
PublicationNo. FHWA SA-96-072" Corrosion/Degrada-
tion of Soil Reinforcementsfor Mechanically Stabilized
EarthWallsand Reinforced Soil Slopes.” For wall appli-
cations which are defined as not having severe conse-
guencesshould poor performanceor failureoccur having
nonaggressive soil conditions, and if the geosyntethic
product meetsthe minimumrequirementslistedin Table
5.9.3.4.1.2A, thelong-termtensile strength of therein-
forcement may be determined using a default reduction
factor for, RF , asprovidedin Table5.9.3.4.1.2B inlieu
of product specific test results.

TABLE 5.9.3.4.1.2A Minimum Requirements for
Geosynthetic Productsto Allow Use of Default Reduc-
tion Factor for Long-Term Degradation

Polymer Criteria to Allow
Type Property Test Method Use of Default RF*
- Min.70% strength
Palypro- |0V Sxidation ASTM D4355 retined cfter 500 hrs
Y in weatherometer
i - Min.70% strength
::'eyaw' g;g;gznon ASTM D4355 retained fter 500 hrs
in weatherometer
Inherent Viscosity
Method (ASTM
D4603 and GRI Test | Min.Number Average
Polyester | HydrolysisResistance | Method GG8**) or | Molecular Weight of
Determine Directly 25,000
Using Gel Permestion
Chromatography
. . GRI Test Method Max.of Carboxyl End
Polyester | Hydrolysis Resistance GG7 Group Content of 30
All R Weight per Unit Area .
Polymers Survivability (ASTM D5261) Min.270 g/m?
% Post-Consumer e
All X Certification of .
Folymers \Ijvegg(ied Materia by Materid Used Maximun of 0%

*Polymers not meeting these requirements may be used if
product specific test results obtained and analyzes in accordance
with FHWA Publication No. FHWA SA-96-071 “Mechanically
Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines’ —Appendix B, andin FHWA Publication
No. FHWA SA-96-072 “Corrosion /Degradation of Soil Rein-
forcements for Mechanically Stabilized Earth Walls and
Reinforced Soil Slopes” are provided.

**These test procedures are in draft form. Contact the
Geosythetic Research I nstitute, Drexel University in Philadel phia,
PA.
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TABLES.9.3.4.1.2B Default and Minimum V aluesfor
the Total Geosyntheic Ultimate Limit State Strength
Reduction Factor, RF

Total Reduction

Application Factor, RF

All applications, but with product All reduction factors
specific data obtained and analyzed in | shall be based on
accordance with FHWA Publication product specific data.
No. FHWA SA-96-071 "Mechanically | RF  and RF shall not
Stabilized Earth Walls and Reinforced | be less than 1.1

Soil Slopes Design and Construction
Guidelines"-Appendix B, and FHWA
Publication No. FHWA SA-96-072
"Corrosion/Degradation of Soil
Reinforcements for Mechanically
Stabilized Earth Walls and Reinforced
Soil Slopes"

Permanent applications not having 7.0
severe consequences should poor
performance or failure occur,
nonaggressive soils, and polymers
meeting the requirements listed in
Table 5.9.3.4.1.2A, provided product
specific data is not available

Temporary applications not having 3.5
severe consequences should poor
performance or failure occur,
nonaggressive soils, and polymers
meeting the requirements listed in
Table 5.9.3.4.1.2A, provided product

specific data is not available

5.9.3.4.2 Allowable Sresses

5.9.3.4.2.1 Seel Reinforcements

The allowable tensile stress for steel reinforcements,
connections, and splices, F,, shall be as follows:

* Permanent Structures, F, = 0.55F, , (5.9.34.2.1-1)
* Temporary Structures, F, = 0.75F, (5.9.3.4.2.1-2)

Theglobal safety factor, FS of 0.55appliedto, Fy ,for
permanent structures accounts for uncertaintiesin struc-
ture geometry, fill properties, externally applied loads,
the potential for local overtress due to load
nonuniformities, and uncertainties in long-term rein-
forcement strength.
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The alowable reinforcement tension, T, , is deter-
mined by multiplying the allowabl e tensile stress by the
net cross-sectional area of the steel soil reinforcement
after corrosion losses. Therefore,

T,= FSx Fy Anat (5.9.3.4.2.1-3)

where , Fy, and, A,y , are as defined in Article
593411

The minimum thickness of steel strip soil reinforce-
ment shall be 4 millimeters before galvanizing. The
minimum thickness if connection elements of bolted
connections or splice plates of bolted splices before
galvanizing shall be 10 gage. Corrosion losses need not
be considered for the faying surfaces of bolted connec-
tions or bolted splices of strip soil reinforcements.

Thetransverseand longitudinal wires of grid typesoil
reinforcement shall besizedinaccordancewithASTM A
185. Thesizeof transversewiresshall not begreater than
thesizeof thelongitudinal wiresof agrid. Exceptforwalls
with exposed welded wire facing the minimum size
longitudinal wires for grid reinforcement shall be W11
and their maximum center to center spacing shall be 8
inches maximum. For walls with exposed welded wire
facing, the minimum size longitudinal wires for grid
reinforcement shall be W8, at 6 inch maximum center to
center spacing or W11 or 12 inch maximum center to
center spacing.

5.9.3.4.2.2. Geosynthetic Reinforcements

Theallowabletensileload for geosynthetic reinforce-
ment is determined as follows:

T.=—" 59.34.2.2-1
= ( )

Where, T, isthelong-termreinforcement strength as
determined in Article 5.9.3.4.1.2 and, FS, is a globa
safety factor which accountsfor uncertaintiesin structure
geometry, fill properties, externally applied loads, the
potential forlocal overstressduetoload nonuniformitiies,
and uncertainties in long-term reinforcement strength.
For permanent walls, a, FS of 1.5 shall be used. For
temporary walls, a, FS, of 1.3 may be used along with a
minimum value for, RF, equal to 3.5. Note that the
uncertainty of determining long-term reinforcement
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strength is taken into account through an additional
factor of safety, whichistypically about 1.2, depending
on the amount of creep data available, through the creep
extrapolation protocol provided in Appendix B of the
FHWA-SA-96-071,“Mechanically Stabilized EarthWalls
and Reinforced Soil Slopes Design and Construction
Guidelines.”

5.9.3.5 $Sail Reinforcement/Facing
Connection Strength Design

The connection of soil reinforcement to MSE wall
facing elements shall meet thefollowing minimum crite-
ria:

» thetensileforceresisiting capacity shall be at |east
2.0 times the design allowable tensile force of the
connected soil reinforcement at a total displace-
ment wihtin the connection not exceeding 0.75
inches,

* the connection shall engage directly al longitudi-
nal tensileforce resisting elements of the soil rein-
forcement,

 the connection shall not rely on frictional force
resistancewherethefrictional forcedependsonthe
constant force of gravity,

» the design of the connection shall be such that
relativedisplacement betweenfaceel ementsdueto
differential settlement at the wall face does not
result in a significant reduction in the capacity of
the connection,

 thedesign of the connection shall be such that after
a level of soil reinforcement has been connected
and all elementsnecessary to completethe connec-
tionarein place, but before backfill coversthe soil
reinforcement, the connection can be visually in-
spected and adetermination madethat all elements
of the connection are properly in place, and

« thedesign of theconnection shall besuchthat there
is an adequate force resistance path from any face
element to at least one soil reinforcement connec-
tion.

5.9.3.5.1  Connection Strength for Steel

Soil Reinforcements

Connections shall be designed using the strength
design method to resist a factored load from the soil
reinforcement equal to 2.0times, T, , of the connected soil
reinforcement.

The capacity of the designed connection shall be
verified by loadtestsof actual connections. A connection
may be considered adequate when:

Tr > 2.0T, (59.35.1-1)

Where, T, is the applied test load at failure of the
connection or at 0.75 inches displacement within the
connection whichever is the least. When the soil rein-
forcement is connected to the facing at multiple closely
spaced locations, group action shall be considered in the
test set-up when verifying the connection capacity. The
material strengths of thetest connection samplesshall be
determined and thevaluefor, T+, shall be corrected when
these determined material strengthsexceed the minimum
specified strengths for these materials.

Connection materials shall be designed to accommo-
date losses due to corrosion in accordance with Article
5.9.3.4.1.1. Potentia differences between the environ-
ment at the face relative to the environment within the
reinforcement soil massshall be considered when assess-
ing potential corrosion losses.

5.9.3.5.2  Connection Strength for
Geosynthetic Soil

Reinforcements

The long-term allowable geosynthetic connection
strength, T, , on aload per width, b, of reinforcement
basis shall be determined as follows:

:TuItXbXCRCR 5T
FSxRF,  °

ac

(5.9.3.5.2-1)
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Where:

Tac = long-term allowable reinforcement/
facing connection design strength per
width, b, of reinforcement (KIPS)

Tuit =minimumaverageroll value(MARV)
of ultimatetensilestrength of soil rein-
forcement (KIP/FT)

b = width of soil reinforcement under
consideration (FT)

= long-term connection strength re -
duction factor to account for reduced
ultimate strength resulting from con-
nection (DIM)

CRer

RFp = reductionfactor to prevent ruptureof
reinforcement dueto chemical and bio-
logical degradation (DIM)

FS = global safety factor which accounts
for uncertainties in externally applied
loads, the potential for local connec-
tion overstress due to wall settlement
or load nonuniformities, and uncer-
tainties in long-term connection
strength. (DIM)

Valuesfor, CR-g,and, RFp, shall bedeterminedfrom
product specific test results. Note that the environment
at the wall face connection may be different than the
environment away fromthewall faceinthewall backfill.
This shall be considered when determining,CR-g, and,
RFp . The minimum value for, RF , shall be 1.1, the
minimum value for, FS shall be 2.0.

Guidelines for determining, CR-g, and, RFp , from
product specific data are provided in “ Corrosion/Degra-
dation of Soil Reinforcements for Mechanically Stabi-
lized Earth Walls and Reinforced Soil Slopes’, Federal
Highway Administration, No. FHWA-NHI-00-044, 2001
and “Mechanically Stabilized Earth Walls and Rein-
forced Soil Slopes Design and Construction Guidelines’,
Federal Highway Administration, FHWA-NHI-00-043,
2001.
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5.9.3.6 Design of Facing Elements

Facing elements shall be designed to resist the hori-
zontal forces specified. In addition to these horizontal
forces, thefacing elementsshall also bedesignedtoresist
potential compaction stresses occurring near the wall
faceduring erection of thewall. Thefacing element shall
be designed such that they do not deflect laterally or
bulge beyond acceptable limits.

5.9.3.6.1 Design of Siff or Rigid
Concrete, Sedl, and Timber

Facings

Concrete and steel facing elements shall be structur-
aly designed in accordance with Sections 8 and 10
respectively using the strength design method provi-
sions. The basic design factored load shall be a distrib-
uted horizontal load acting on the entire back face of the
face element the resultant of whichisequal 1.8 timesthe
sumof the, T, , valuesof the soil reinforcement connected
to the face element. Thelocation of the resultant of this
distributed load shall be at the location of the resultant of
the, T, , values of the same soil reinforcement.

Top of wall facing elements which support a traffic
barrier support slab shall bedesigned for ahorizontal line
|oad acting at thetop rear of thefacing elementsand equal
t01.9 kipsperfoot. Thisloadisto beconsidered afactored
load, and does not need to be combined with the basic
design factored load specified above.

L oads from any appurtenances attached to the facing
elements shall be considered.

Timber facing elements shall be structurally designed
in accordance with Section 13 using the working stress
design method. The basic serviceload shall be adistrib-
uted horizontal load acting on the entire back face of the
face element the resultant of whichisequal to the sum of
the, T,, values of the soil reinforcement connected to the
faceelement. Thelocation of theresultant of thisdistrib-
uted load shall be at the location of the resultant of the,
T, , values of the same soil reinforcement.

L oads from any appurtenances attached to the facing
elements shall be considered. Timber facing elements
shall not be used to support atraffic barrier support slab.
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In the design of concrete, steel and timber facing
elements the locations of the connected soil reinforce-
ment are considered support locations in resisting the
basic design horizontal load.

The maximum vertical spacing of soil reinforcement
connected to the facing elements equals 30 inches. The
minimum distance from the top or bottom of a facing
element to alevel of soil reinforcement equals 5 inches.
The minimum specified compressive strength, ', , for
concrete facing elements equals 4000 psi.

5.9.3.6.2  Design of Flexible Wall Facings

Weldedwire, expanded metal, or similar facing panels
shall be designed in amanner which prevents the occur-
rence of excessive bulging as backfill behind the facing
elements compresses due to compaction stresses or self
weight of the backfill. This may be accomplished by
limiting the size of individual panels vertically and the
vertical spacing of thelevel sof soil reinforcement, and by
reguiring the facing panels to have an adequate amount
of vertical slip between adjacent panels. The top of
flexible facing panels at the top of the wall shall be
connected to a level of soil reinforcement to provide
stability to the top-facing panel. The maximum vertical
spacing of soil reinforcement connected to the facing
panels equals 20 inches for permanent walls and 30
inches for temporary walls. The maximum horizontal
clear spacing between soil reinforcement elementswithin
alevel shall be 12 inches. For welded wire facing panels
the minimum wire size shall be W8 for permanent walls
and W6 for temporary walls, the maximum center to
center spacing of vertical wires shall be 6 inches and of
horizontal wires shall be 9 inches. Secondary facing
panels shall be provided when necessary to prevent loss
of backfill material through the facing panels. Steel
facing panels for permanent walls shall be galvanized
with aminimum coating thickness of 2 ounces per square
foot applied in conformance with ASTM A123.

Geosynthetic facing elements shall not, in general, be
left exposed to sunlight ( specifically ultraviolet radia-
tion) for permanent walls. If geosynthetic facing ele-
ments must be left exposed permanently to sunlight, the
geosynthetic shall be stabilized to be resistant to ultra-
violet radiation. Furthermore, product specific test data
shall be provided which can be extrapolated to the
intended design life and which proves that the product

will be capable of performing asintended in an exposed
environment.

Flexible wall facings shall not be used to support a
traffic barrier support slab.

5.9.3.6.3 Design of Segmental Concrete

Block Facings

Segmental concrete block facings shall be designed
considering facing stability which shall include an evalu-
ation of the maximum vertical spacing between rein-
forcement layers, the maximum allowabl e facing height
abovetheuppermost reinforcement layer, inter-unit shear
capacity, and resistance of the facing to bulging. The
maximum vertical spacing betweenreinforcement layers
shall be limited to twice the width, W, , of the proposed
segmental concretefacing unit or 30inches, whicheveris
less, the maximum facing height above the upper most
reinforcement layer shall be limited to 1.5 times,\W, or
18 inches, whichever isless, and the maximum depth of
facing below the bottom reinforcement layer shall be
limited to the width,W, , where, W, , is the segmental
facing block unit width from front to back.

The minimum specified compressive strength of seg-
mental concrete block facing unitsshall be4000psi. The
water absorption limit of segmental concrete block fac-
ing units shall be 5 percent maximum. Blocks shall also
meet the additional requirements of ASTM C90 and
C140.

When the segmental concrete block facing supportsa
traffic barrier support slab, the provisions of Article
5.9.3.6.1 shall apply.

5.9.3.6.4 Corrosion Issues for MSE

Facing Design

Steel to steel contact between the soil reinforcement
connections and the concrete facing steel reinforcement
shall be prevented so that contact between dissimilar
metals (e.g., bare facing reinforcement steel and galva-
nized soil reinforcement steel) does not occur. Steel to
steel contact in this case can be prevented through the
placement of a honconductive material between the soil
reinforcement face connection and the facing concrete
reinforcing steel.
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5.9.3.7 Drainage

MSE walls in cut areas and side-hill fills with estab-
lished ground water levels should be constructed with
drainage blankets in back of and beneath the reinforced
zone. Internal drainage measures should be considered
for all structures to prevent saturation of the reinforced
backfill or to intercept any surface flows containing
aggressive elements such as deicing chemicals.

For MSE walls utilizing metallic soil reinforcements
supporting roadways which are chemically deiced in the
winter, animpervious membrane should be placed bel ow
the pavement and just above the first level of soil
reinforcement to intercept any flows containing deicing
chemicals. Themembraneshouldbeslopedtodrainaway
from the facing to an intercepting longitudinal drain
outletted beyond the reinforced zone. Typically, amini-
mum membrane thickness of 30 milsshould beused. All
seams in the membrane shall be welded to prevent leak-

age.

For MSE walls utilizing metallic soil reinforcement
which support aslopewhich supportsaroadway whichis
chemically deicedinthewinter, provisionsshall be made
to prevent runoff from reaching the soil reinforcement at
the back of the face panels at the toe of the slope. Asa
minimum, animpermeabl e cap shall beplaced ontheface
of the slope and a continuous coping/gutter which is
keyed into the slope shall be constructed at the toe of
slope/top of wall.

5.9.3.8 Special Loading Conditions

5.9.3.8.1 Concentrated Dead Loads

Concentrated dead loads shall be incorporated into
the internal and external stability design by using a
simplified uniform vertical distribution of 2 vertical to 1
horizontal to determine the vertical component of stress
with depth within the reinforced soil mass as shown in
Figure5.5.5.10.4-1. Figure5.5.5.10.4-2 showshow con-
centrated horizontal dead loadsmay bedistributed within
and behind the reinforced soil mass. Depending on the
size and location of the concentrated dead load, the
location of the boundary between the active and resi stant
zones may need to be adjusted.
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5.9.3.8.2 Traffic Loads and Barriers

Traffic loads shall be considered in accordance with
the criteriaoutlined in Article 5.5.5.10.5. Traffic loads
should be positioned to maximize their effects.

Whentrafficbarriersareplacedat thetopof MSEwalls,
they shall be constructed on a support slab which is
designed to resist the overturning due to the design
horizontal impact |oad appliedtothebarrier. Thesupport
dlab shall be designed so only horizontal and vertical
forcesaretransmittedto thefaceelementsof thewall. The
support slab shall be continuousthefull length of thewall
with no expansion joints. The horizontal forcesfrom the
support slab applied to the top of the face elements of the
wall shall bein accordance with Article 5.9.3.6.1.

Asaminimum, thetoplevel of soil reinforcement shall
bedesigned for atensileload at thewall faceequal to 1.9
kips per foot of wall. This load is to be considered a
factored load for which the, FS,, , shall be equal to or
greater than 1.0 and theload shall belessthan or equal to,
1.33T,, of thesoil reinforcement. the minimum length of
the top level of soil reinforcement shall be 16 feet.

Whentrafficbarriersareplacedat thetopof MSEwalls,
the minimum height wall shall be 6 feet and the minimum
length of wall shall be 40 feet.

5.9.3.8.3 Hydrostatic Pressures

For Structures along rivers and canals, a minimum
differential hydrostatic pressure equal to 3 feet of water
shall be considered for design. Thisload shall be applied
at the high-water level. Effective unit weights shall be
usedinthecalculationsfor internal and external stability.

Situationswherethewall isinfluenced by tideor river
fluctuations may require that the wall be designed for
rapid drawdown conditions, which could resultindiffer-
ential hydrostatic pressure considerably greater than 3
feet or alternatively rapidly draining backfill material
such as shot rock or open graded coarse gravel may be
used as backfill.
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5.9.3.9 Placement of Soil

Reinfor cement

For a wall supporting a roadway at the top of wall
elevation, the top level of soil reinforcement shall be
placed sloping downward from horizontal at anegative
slope equal to -5% minimum to -15% maximum. L ower
levels of soil reinforcement shall be sloped downward
also if required to provide a minimum 6 inches of sepa-
ration between levelsof soil reinforcement. The depth of
the roadway structural section and cross slope of the
roadway should be considered when determining place-
ment details.

For back to back wallsfor whichthesoil reinforcement
overlaps, thelevel sof soil reinforcement shall be placed
such that a minimum of 3 inches of separation between
levelsis provided.

5.10 PREFABRICATED MODULAR
WALL DESIGN

Prefabricated modular walls consist of walls as de-
scribedinArticleb.2.1.5. Additionally thistypewal | may
consist of precast reinforced concreteelementswhichare
placed or stacked to form aseriesof “T” shaped modules
alongthelengthof thewall withthetopof the* T” forming
thefaceof thewall. Thistypewall issimilartoacribwall
except each cell isthreesided and open at theback at the
pressure surface used for external stability analysis.

5.10.1 Structure Dimensions

Prefabricated modular wall dimensions needed for
external designs are shown in Figure 5.10.1-1 for a bat-
tered three-tier wall.

Prefabricated modular walls shall be dimensioned to
ensure that the minimum factor of safeties required for
sliding and overturning are satisfied aswell astheeccen-
tricity of the base reaction not exceeding the maximum
allowed. Theserequirementsapply toeachtier of atiered
wall. Inaddition the minimum factor of safety for foun-
dation bearing capacity shall be satisfied, as well as
overall stability requirements as provided in Article
5.2.2.3.

The minimum embedment depth of the bottom of a
prefabricated modular wall shall be based on bearing
capacity, settlement and stability requirements also the
effectsof frost heave, scour, proximity to slopes, erosion,
and the potential future excavation in front of the wall
shall be considered.

The minimum embedment depth and minimum berm
width shall be asfollows:

Wall Height Embedment Berm
H (feet) Depth (feet) Width (feet)
<10 2 4
>10,<30 3 4
> 30 3 5

Forwallsconstructed alongriversand streams, embed-
ment depth shall be aminimum of 2 feet below potential
scour depth as determined in accordance with Article
5.3.5.

5.10.2 External Stability

The base width, B, of a prefabricated modular wall
shall be determined to ensure stability against failure
modes by satisfying the following stability criteria:

»  Sliding — Factor of safety, FSg > 1.5
»  Overturning — Factor of safety, FSqr > 2.0

and
- Maximum eccentricity of the resultant force
acting on the base of wall, e, < %

e Bearing capacity — Factor of safety, FS > 3.0

Stability determinations shall be made at every mod-
ule level assuming the prefabricated modules and any
wall fill tobearigidgravity mass. Thedesignlateral earth
pressure acting on the pressure surface at the rear of the
wall modules shall be determined using the Coulomb
theory and the trial wedge method of analysis as de-
scribed in Article 5.5.5.5. Where the rear of the wall
modules form an irregular surface (stepped or tiered

Section 5 Reraining WaLLs 5-95




c BriDGE DEsIGN SpeciFicaTioNs ¢ Aucust 2003
a/trans

Finished

-

TN
\ Pressure surface for
I external stability

Face of Wall ’1» \\

/
hy

Failure

Berm width \ surface
-~ for external
Finished stability

grade
Embedment
depth Tier 1 <&
Wall fill, g, v, O
/ v
/
pp—

B:BI /

Where: B equals base width of wall

Foundation soil, @,

Figure5.10.1-1 Prefabricated Modular Wall Dimensions Needed for Design
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modules) thelateral earth pressureshall bedeterminedon
abrokensurfaceasshowninfigures5.5.5.5-5and5.10.1-
1. Thefriction angleand unit weight of theretained soil
shall be used in determining the design lateral earth
pressure along with the wall friction angle, d. The
following wall friction angles may be used unless more
exact values are established:

Wall Friction
Angle, d

Case

a) Significant vibrations of
backfill or modules settling 0
more than backfill

b) Continuous pressure surface
of pre-cast concrete (uniform 5@
width modules)

c) Averaged pressure surface
(backfill filled recesses within or
between modules or stepped
modul es)

08

wln

For standardized wall designs for permanent walls, a
friction angle of 34 degrees and unit weight of 120
pounds per cubic foot may be assumed for the retained
soil, wall fill and foundation soil. Site specific designs
shall be used when these values are not appropriate.

Indevelopingthetotal designlateral pressuresacting
on the pressure surface, the lateral pressure due to sur-
charge loads shall be added to the design lateral earth
pressure. Refer to Article5.5.5.10 for the determination
of design lateral pressures due to surcharge loads.

Whengroundwater level smay existwithinthewall fill
and/or retained soil, they shall be consideredin stability
determinations.

Theresistance dueto passivelateral earth pressurein
front of a prefabricated modular wall shall be neglected
in external stability determinations.

For external stability determinations, traffic surcharge
loads shall be considered in accordance withthecriteria

outlined in Article 5.5.5.10.5. Traffic loads should be
positioned to maximize their effects.

5.10.2.1 dliding Stability

The factor of safety against sliding, FSg, , shall be
determined by summing the resisting forces of the wall
whichact parallel tothebaseof thewall and dividingthat
sum by thesummation of drivingforcesonthewall which
act parallel to the base of the wall. Theresisting forces
typically consist of thenormal forceacting onthe base of
thewall timesthecoefficient of slidingresistanceplusthe
component of force duetotheweight of thewall and any
surchargeloadsactingonthewall whichisparallel tothe
base of thewall. The normal force acting on the base of
the wall consists of the component of force due to the
weight of thewall and any surchargeloadsacting onthe
wall which is normal to the base of the wall plus the
component of the design lateral pressure acting on the
pressure surface which is normal to the base of the wall.
Thecoefficient of slidingresistanceused todeterminethe
frictional resistance at the base of the wall shall be as
follows:

. For prefabricated modular wallswithcellswhich
are filled with wall fill which are in contact with the
foundation soil, the coefficient equal s, Tan g, at the base
of thewall, wheregisthefriction angle of thewall fill or
the foundation soil whichever is lowest.

. For prefabricated modular walls the base of
which consistsof acontinuousor near continuoussurface
of concrete, the coefficient equals, Tan 2/3 @, whereg,
isthefriction angle of the foundation soil.

Thesummation of thedrivingforcesactingonthewall
typically consists of the component of the design | ateral
pressure acting on the pressure surface which is parallel
to the base of the wall.

5.10.2.2 Overturning Stability

The factor of safety against overturning, FSq, shall
be determined by summing the resisting moments about
thetoe of thewall and dividing that sum by the summa-
tion of thedriving momentsabout thetoeof thewall. The
lower front corner of the prefabricated modulesis typi-
cally assumed as the toe of the wall. The resisting
momentsaretypically provided by theweight of thewall,
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surcharge loads acting on the top of the wall and the
vertical component of the design lateral pressure acting
onthepressuresurface. Indeterminingtheweight of walls
with cellular modulesfilledwithwall fill and essentially
open ended at the bottom of thewall, only 80 percent of
theweight of thewall fill shall be considered effectivein
resisting overturning moments. The driving moment is
typically provided by the horizontal component of the
design lateral pressure acting on the pressure surface.

The eccentricity of thelocation of theresultant force
acting on the base of the wall shall be determined and
compared with the maximum allowabl e eccentricity.

5.10.2.3 Tiered Walls

Stability determinations shall be made at the base of
eachtier of atieredwall. Therequirementsfor slidingand
overturning stability shall be satisfied under the actual
loading conditions and additionally sliding and over-
turning stability shall besatisfiedfor every tier abovethe
bottom tier for a loading condition consisting of an
unlimited 1.5 horizontal to 1.0 vertical slope the toe of
whichislocated at the front top of the wall.

5.10.2.4 Bearing Capacity
The provisions of Article 4.4.7 apply.

Theentirebaseof theprefabricated modul esincluding
the area of any cellular areamay be used in determining
the contact pressure at the base of thewall. The contact
pressure may be assumed to vary linearly.

Allowablebearing capacitiesfor prefabricated modu-
lar walls shall be determined using a minimum factor of
safety of 3.0 for Group 1 1oading applied to the ultimate
bearing capacity.

5.10.2.5 Overall Stability

Overall stability analysisshall be performedinaccor-
dance with Article5.2.2.3.

5-98 Section 5 Reraining WaLLs

5.10.2.6 Prefabricated Modular Walls

with “T” Shaped Modules.

Inthedeterminationof external stability for wallswith
“T” shaped modules, the basewidth, B, of each tier shall
be reduced to account for the cellular structure being
open at theback. Thereductioninbasewidth, B, of each
tier shall equal alength equal to 15 percent of the clear
distance between the stems of the “T” shaped modules.

A “T” shaped module may consist of a monolithic
element which forms both the wall face and the stem
which extends into the wall fill, or it may consist of
separateelementsoneof whichformsthefaceand another
whichformsthestemwhichextendsintothewall fill and
which also supports the face element.

5.10.3 Internal Stability

Prefabricated modular wallswith“ T” shaped modules
shall be designed for adequate internal stability. For
adequate internal stability the pullout resistance pro-
vided at each module level shall provide a minimum
factor of safety against pull out equal to 1.5 asdetermined
by the following equation:

(5.10.3-1)

Where, FS,,, isthefactor of safety against pullout of
the wall modules above the level under consideration,
Ry, » isthepullout resistance of the wall modules above
the level under consideration, and, P, , is the design
lateral pressure acting on the face of thetributary areaof
the wall modules above the level under consideration.

The design lateral pressure, P, , shall include the
design lateral earth pressure and the lateral pressure due
to surcharge loads. When groundwater levels may exist
within the wall fill they shall be considered.

Thedesign lateral earth pressure acting on the face of
the wall modules shall be determined using Coulomb’s
theory and the trial wedge method of analysis as de-
scribed in Article 5.5.5.5 and assuming the wall friction
angle, d, equals zero.
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The pullout resistance, R, , consists of the frictional
resistance acting on the bottom of the stem of the module
at the level under consideration and the frictional resis-
tance acting on the sides of the stems of all the modules
above the level under consideration which provide an
effective area beyond the failure surface of the failure
wedge acting on the face of the wall. The frictional
resistance acting on the bottom of the stem equals the
normal force times the coefficient of sliding resistance.
The normal force equalsthe weight of stems of all mod-
ules above the level under consideration plus any over-
burden soil on the stems and any permanent surcharge
load acting above the stems. The coefficient of sliding
resistance depends on the interface conditions, for con-
crete on foundation soil avalue equal to tan g;, may be
used, for concrete on concreteavalueequal to 0.5may be
used, when joint material between concrete surfaces is
used the coefficient to be used shall be established from
testsrepresenting actual conditions. Thefrictional resis-
tance acting on the sides of the stems equals the at-rest
lateral earth pressure acting on the effective area of the
stemstimesthe coefficient of sliding resistance. For the
at-restlateral earth pressurecoefficient, k,, refertoArticle
5.5.5.2. Theeffective areaof the stemsisthat portion of
thesidesof thestemsabovethelevel under consideration
which extend beyond the failure surface of the failure
wedge associated with the design lateral earth pressure
acting onthefaceof thewall. Only the stemsof modules
whosefull height extendsbeyond thefailuresurfaceshall
be considered. The coefficient of diding resistance
depends on the configuration of the sides of the stems of
the modules, for smooth concrete avalue equal totan (2/
3) 8. may be used, for sides with recesses an increased
valuemay bedetermined. For the percentage of effective
areawhich consists of recesses, up to a maximum of 40
percent, avalue equal to tan g, may be used and for the
remaining percentage of effective area a value equal to
tan (2/3) g, may beused. Any shear keysbetweenmodule
elements shall not be considered effective for internal
stability determinations.

The requirements for internal stability shall be satis-
fied under the actual loading conditions at every module,
level and additionally for tiered walls internal stability
shall be satisfied at every modulelevel above the bottom
tier for aloading condition consisting of an unlimited 1.5
horizontal to 1.0 vertical slopethetoe of whichislocated
at the front top of the wall.

5.10.4 Module Design

Prefabricated modular units shall be designed for the
design lateral pressure behind the wall and for the pres-
sures developed inside the cells of modular walls. Also
the contact pressure at the bottom of the wall shall be
taken into consideration in the design of modular units.

Reinforced concrete modular units and steel modular
units shall be designed in conformance with Section 8
and Section 10 respectively using Group | loading and
the strength design method provisions. Timber modular
units shall be deigned in conformance with Section 13
using Group | loading and working stress design method.

Large unreinforced concrete modular units shall be
fabricated with concrete that will provide sufficient
strength for handling and crack resistance and that will
providesufficient durability for theservice lifeintended.

Segmental concrete block units shall be fabricated
with concrete with a minimum specified compressive
strength of 4000 psi. The water absorption limit of
segmental concrete block units shall be 5 percent maxi-
mum. The units shall also meet the additional require-
ments of ASTM C90 and C140.

Wiregabion basketsshall befabricated withwiremesh
with adequate strength, flexibility and durability for the
site conditions and intended service life.

5.10.4.1 Crib Member Design

Crib members, headers and stretchers, shall be de-
signed as beams supported at their intersections and
subjected to the pressure of the wall fill within the cells
and the pressure of the retained soil. Refer to figures
5.10.4.1-1 through 5.10.4.1-5 for typical loadings to be
considered.

Bearing stresses shall be checked between bottom
headers and stretchers due to loading from the tributary
areaof base pressure.

Bearing stressesshall be checked between headersand
stretchers at intermediate levels due to loading from the
vertical frictional forces and deadloads acting on the
headers and stretchers.
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Where:
a =the length of the sides of a square cell or the R =hydraulic radius
length of the short side of arectangular cell (FT) For squarecells, R=
For rectangular cells,
b =thelength of thelong side of arectangular cell
(FT) R, = for determining pressures next to short

side of cell.

Figure5.10.4.1-1 Plan View of Crib M embers Showing Design L ateral Pressures( Continued )
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Ry = % for determining pressures next to long side Pa = dgk

of cell anda =728y

=depthbelow top of cell fill atwhichpressuresare
being determined (FT)

next to the long side of rectangular cells

Pp = dpk

V =total vertical frictional force per unit width of
= vertical pressurein cell fill at depthy (K SF) for cell perimeter over depthy (KIPS/FT)
square cells and next to short side of rectangular =(9y-0809)R
cells,
YR , for squarecellsandat theshort sideof rectangular
Ga= o B-e” VIRE cells,
a U k
next to the long side of rectangular cells, Va = (9y-0.80,) Ry
YR, IR at the long side of rectangular cells,
=" B¢ E
Vy, = (9y-0.80,,) Ry
= tangent of angle of internal friction of wall fill
=tang, (DIM) W, = total weight of wall fill in cell over depth, y

=ratio of lateral to vertical pressure in cell fill
(DIM)

=k, =1-sing,

= unit weight of wall fill = g (KCF)

= base of natural logarithms, 2.71828

= |ateral pressurein wall fill at depthy
= qk (KSF)

for square cells and next to the short side of
rectangular cells,

=gcaby (KIPS)

DW= weight of wall fill in cell over depth, y, not

9

Pr

supported by vertical frictional force at cell
perimeter over depth, y (KIPS)

=W, -2V a-2Vyb

= angle of internal friction of wall fill (DEG)

= design lateral pressure from retained fill (KSF)

Figure5.10.4.1-1 Plan View of Crib Members Showing Design Lateral Pressures ( Continued )
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Thecolumn sectionsof steel cribwallsshall bechecked
at the base considering theloading fromthetributary area
of base pressure.

Thecolumn sectionsof steel cribwallsshall bechecked
at intermediate levels due to loading of the vertical
frictional forces and deadloads acting on the headers
(spacers) and stretchers(stringers).

The bottom three courses of both headers and stretch-
ersof reinforced concrete crib wallsshall bedesigned for
plastic hinging at both column faces and at the midspan
of the members due to a uniformly distributed vertical

loading (see figure 5.10.4.1-6). The member sections
shall be designed for the vertical shear force, Vo associ-
ated with the plastic hinge moment, Mp . where ;

1. M,=13M,

2. V.=V,

3. Column is defined as the region where headers
and stretchers intersect.

4. M, isbased on member section required to resist
wall fill pressures.

Average lateral

pressure j

Header \

Bl Vil

/

I— Average vertical
frictional force

Front stretcher -
under ﬁz < CCenter to center
consideration — - vertical spacing of

Y headers

Headerj

Notes:

1. The average lateral pressure equals p, or p,, depending on the cell dimensions.
2. The loading is based on the depth, y, to the mid-height of the stretcher under consideration.
3. The design forces on the front stretcher shall not be less than the active earth pressure
associated with the active failure wedge controlled by the clear opening at the top of the front crib cell.
4. The deadload of the member and the weight of wall fill on top of the member shall be considered.

Figureb5.10.4.1-2 Design Forceson Front Stretchers
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Average lateral
f pressure ﬁ

U

— Average vertical
frictional force

N e S N
%

|
Header

Al

” CCenter fo center
vertical spacing of
y headers

% oL | %

Intermediate strefcher
under
Notes: consideration

1. The average lateral pressure equals P, orp depending on the cell dimensions.
2. The loading is based on the depth, y, fo the mid-height of the stretcher under consideration.
3. The deadload of the member and the weight of wall fill on top of the member shall be considered.

Figure5.10.4.1-3 Design Forceson Intermediate Stretchers
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Average lateral
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Average vertical
frictional force ———-

/

Average lateral
pressure from
refained soil, p,

| |
I

1 # "

N

]

Center to center T
vertical spacing R ™
of headers — T Header \i)

|

e

|
-}

o L

e
iy

I
Rear stretcher
under consideration

Notes:

1. The average lateral pressure equals p, or p, depending on the cell dimensions.
2. The loading is based on the depth, y, to the mid-height of the stretcher under consideration.

3. The deadload of the member and the weight of wall fill on top of the member shall be considered.

Figure5.10.4.1-4 Design Forceson Rear Stretchers
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Average lateral
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Average vertical
frictional force

| |
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| 1
Stretchers Center | |
Q enter to center
| \/ | vertical spacing of
% J .| | < %7 stretchers
| 1
Header
under

consideration

\‘ \/( Front stretchers
Horizontal reaction '

from front stretchers ) %

/ J . Hleoder under

consideration

Notes:

1. The average lateral pressure equals p, or p, depending on the cell dimensions.

2. The loading is based on the depth, y, to the mid-height of the header under consideration.

3. The deadload of the member and the weight of wall fill on top of the member shall be
considered.

Figure5.10.4.1-5 Design Forceson Headers
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a

Stretcher

b/2

Column

_10.4Mp §' Location of plastic
Vp_ b hinge in stretcher

(typ)
o) - Headerl,-

Location of
plastic hinge
in header (typ)

Figure5.10.4.1-6 L ocation of Plastic Hingesin Membersat Base of Crib Wall
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